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Cnoco6 cjaopMOBaHMfl TepMonnacTMHHoro noniiMepHoro MaTepnana, 
ycTpoficTBo AJifl ero ocymecTBJiemifl m cocTaB TepMonnacTMMHoro, 
noriMMepHoro MaTepnana 

5 3aflBJifleMbie cnoco6, ycTpowcTBO a^a cfropMOBaHi/ia TepMonnacruiHHoro 

noriMMepHoro MaTepwana w cocraB TepMonnacTWMHoro norwMepHoro MaTepwana 
c BapnaHTaiviM peanw3aMMM TexHi/wecKwx npefliio>KeHMti f othoc^tc^ k TexHonorwM 
cjDopMOBaHM^ TepwionnacTUMHoro nomiviepHoro waTepnana, Hanpwiviep, k 
MH>KeKLiMOHHOMy cfropMOBaHHio m cfropwioBaHUK) 3KCTpy3i/ieil Hpei/iMyinecTBeHHO 
10 npeflnaraewioe TexHMMecKoe peweHt/ie othochtch k 3KCTpy3MM nonnonecjDMHOB, b 

MaCTHOCTM, nOJlMOTMJieHa, M M0)K6T 6blTb HCnOJlb30BaHO npM M3rOTOBJieHMM 

nonuwiepHoro npocfri/irm, i/i3onnpyiOLnero noKpbm/m Ha anetcrpi/wecKOM Ka6ene, 
nonwwiepHoro BO/ioKHa, noni/iMepHoti Tpy6w v\ noni/iMepHOM nneHKi/i, nonyMaewioti 
pa3flyBaHneM Tpy6w. 

15 nonMMepbi, M3roTOBneHHbie c ncnojib30BaHi/ieM MeTarmoueHOBbix 

KaTann3aTopoB, xapaicrepn3yK)TC^ y3KHM pacnpeflexieHwewi MoneKyn*pHoro Beca 
noiiMMepHbJX qenew w noBbiweHHOft npoMHocrrbio, ho npi/t o6biHHbix b MHflycTpnw 
cKopocTax nepepa6oTKM 3KCTpy3nefi npwo6peTafOT LuepoxoBaTocTb, M3BecTHyto 
KaK "aKynb^ KO>Ka" v\r\v\ "3MewHaH Kowa", u Apo6neHi/ie pacnnaBa". rioflBjieHi/ie 

20 flecfceKTOB Ha noBepxHocrrw M3flenMM orpaHvmwBaeT cKopocTb nepepa6o™ 
nnacTHKOB. HawSonee pacnpocTpaHeHHWM b mffycrpm nnacTMKOM fiB/iae-rca 
nonnaTiineH. nojwsiwieH, nojiysaeMbm Ha MeiannoqeHOBbix KaTanw3aTopax, 

BblTeCHfleT 06blMHbiM HMHeflHblM nOJlMSTHneH HI/I3K011 nJlOTHOCTW Ha pblHKe HJieHOK. 

nonM3TMneH Mcnonb3yeTCfl b ochobhom aji* npoM3BOflCTBa nneHKM (okojio 60% 
25 ot o6mero o6-bewia) MeTOflowi 3KCTpy3HW i/i pa3AyBaHi/ia Tpy6bi. ripui 3KCTpy3i/in 
nonnsTMneHa c y3KWM pacnpeAeneHnewi MoneKyjiapHoro Beca y>Ke npw 
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He6onbujwx CKopocTflx 3KCTpy3WU (oKono 10 MM/ceK) noBepxHOCTb Tpy6w 
npwoSpeTaeT LuepoxoBaTocTb, a nonyMaeMaa pa3flyBaHnewi Tpy6bi to h Kan nneHKa 
meer noHi/i>KeHHbiii 6necK Ha 0Tpa>KeHi/ie m paccei/maeT upoxopflmm h oTpaweHHbm 
CBeT, mto CHM>KaeT noTpe6nTenbCKoe KanecTBo npoAyicra. 
5 Hcnonb30BaHi/ie flo6aBOK cjDTopupoBaHHbix yrneBOAopoflOB b nonwMepHbiw Maiepnan 
pj\n yMeHbiueHM^ wepoxoBaToc™ noBepxnocTH npoflyiaa m yMeHbiueHHfl 
3arp*3HeHi/ifl wiyHflLUTyKa i/i3BecTH0 c 60-x toaob (cm. S. E. Amos, et. al., "Polymer 
Processing Aids", b KHMre "Plastics Additives Hand- book", H. Zweifel, Ed., 5th Edition, 
HANZER, Munich, 2001, pp. 553 - 585).3tw floQaBKM oca>KAafOTC* Ha noBepxHOCTM 

10 ycrrpoiicTB px\* <t>opMOBaHwsi w o6ecnem/iBaKrr cwia3Ky stow noBepxHocTw. HanpwMep, 
b naTeHTe CLUA No.4,707,517 noKa3aHo, mto 3KCTpy3Mfi ciweceM ajiacroiwepoB c 
flo6aBKawiM ot 0,002 ao 2 Bee. % 4)TopuipoBaHHbix ymeBOflopoAOB co CTpyicrypofi 
nonwiviepHoui uenn (CF 2 -CH2) n -(CF 2 -CF.CF 3 )m , rAe n/m - cocTaBJiaeT okojio 7/3, i/i c 
TewinepaTypoM pa3MflrHeHi/ifl Me>KAy 100°C m 300°C no3BonaeT nonynaTb 

15 6e3Aecf)eKTHbiM npOAyicr Ha noBbiweHHbix CKopocTax 3Kcrrpy3MM. 

Ana wcnojib30BaHM^ b KaMecTBe Ao6aBOK, cHi/i>Ka»omnx LuepoxoBaTocTb npoAyicra Ha 
pbiHKe AOcrrynHbi cneAyroLune cjrropMpoBaHHbie nonwMepbi: "Viton® FreeFlow™" 
DuPont (cm. http://www.dupont-dow.com/products/vitonff/vitonff.asp) . "DYNAMAR" 
Dyneon (3M) (cm. http://cms.3m.com/) , "KYNAR" Atofina Chemicals (cm. 

20 http://www.AtofinaChemicals.com) npvi ncnonb30BaHMii 3TMX AoSaBOK b KonwMecTBe 
6onee 0,04 Bee. % bo3Mo>kho yBennHMTb cKopocrrb 3KCTpy3W/i nonnsTuneHa b f\BB - 
neTbipe pa3a 6e3 no^BJieHMH LuepoxoBaTocTw noBepxHocrrw npoAyKTa. H3BecrHO 
wcnonb30BaHne AoSaBOK a^-Sjiok cono/iMMepoB PTFE v\ aKpvmoBbix noni/iMepoB c 
ToproBOM MapKoPi "METABLEN - A" f\nn wcnonb30BaHMfl npn nepepaSoTKe 

25 noni/ionecfci/iHOB (cm. http://www.mrc.co.jp/english/metablen e/all.html/) , 

06o6uia* aHa/iM3 aHaJioroB npeflnaraeMoro TexHi/mecKoro peweHUfl, 

CBfl3aHHblX C MCnOnb30BaHMeM (J)TOpi/ipOBaHHblX nOJlMMepOB, M0>KH0 OTMeTMTb, WTO MX 

HeAQCTaTKOM KB/ifieTCfj AoporoBW3Ha 4>TopnpOBaHHbix nonnMepoB, a TaK >Ke 

HeAOCTaTOMHa^ CTeneHb yBeni/meHt/m cKopocTi/i 6e3Aec(3eKTHOM 3KCTpy3ww. 

30 flonojiHMTenbHo, npucyTCTBwe cfcrropupoBaHHbix nonuMepoB b nneHKe 3aTpyAH*eT 
CBapKy nonnsTuneHa npn n3roTOBneHnn ynaKOBKM. 
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ripoMbiujneHHOCTb Mcnonb3yeT cMecH nonnwiepoB c a htm o kc ha a HTa m 1/1 , 
CTa6MnM3aTopaMM, Ao6aBKaMM f\na yMeHbweHMfl craTi/mecKoro aneicrpMHecTBa, 
opraHUMecKHMM m HeopraHWMecKMMH HanoJiHUTeriMwiw, KpacMTermMw, 
njiacTMcjDMKaTopaMi/i, Ao6aBKaMM, npeflOTBpamaioiMMMM cnnnaHue nonMMepHbix 
5 wsAennw, HanpMMep nonwiviepHOM nneHKM (aHTM6noKOBbie AoBaBKn), Ao6aBKaMW, 
ynyHinaioLAMMM nepepa6oTKy nonwiviepoB, Hanpuwiep Macna w t.a. ripn 3KCTpy3wn 
nnacTMKOB c HanojiHWTermMW nponcxoAMT 6bicTpbiw yHoc tohkmx m TeKym/ix noKpbiTMM 
CM33KM Ha noBepxHOCTW MeTanna a6pa3MBHbiMM HacruMKaivin. CKopocTb oca>KAeHWfl 

CMa30MHbIX nOKpblTMM M3 (f)TOpi/1pOBaHHblX nOJIUMepOB npM 3TOM MOK6T 6blTb M6HbUJe 

10 cKopocm mx yHOca Aa>Ke npM coAep>KaHMM Ao6aBOK 6onee 2 Bee %, hto 
HenpweivmeMO b npoMbiumeHHOM npoM3BOACTBe. 

B npowibiujjieHHocTM o6pa6oTKM nnacTMKOB cyujecTByeT 3HaMMTejibHaa noTpe6HOCTb b 
OTHocMTe/ibHO HeAopon/ix A°6aBi<ax, o6ecneHMBaK)U4MX nonyneHMe npoAyKTa 6e3 
yxyALU6HMH ero MexaHMMecKwx mjim opraHonenTMMecKMX cbomctb. Oco6eHHo sto 

15 aiayanbHo a^ nonyMeHMfl nneHOK M3 nonMonecjDMHOB, civieceM m/mjim cononMMepoB 
noJiMonec}DMHOB m anacTOMepoB. Cw/iMKOHbi m CMJiMKOHOBbie KaynyKM - sto HeAoporwe 
n lumpoko AOCTynHbie xMMMMecKMe BemecTBa c lumpokmm A^ana30HOM BfttKOCTM. 
Hcnonb30BaHMe cmjimkohob m cwriMKOHOBbix anacTowiepoB b nepepaSoTKe nnacTMKOB 
xopoojo M3BecTHO. B naTemrax CLUA NsNq 4,692,379, 6,472,077 m 6,593,400 

20 npeAJioweHO Mcnonb30BaTb nonMCM/ioKcaHbi b KaMecTBe aHTM6noKOBbix Ao6aBOK 

npeAOTBpaaieHM^ cjwnaHMfl nonMiwepHOM nneHKM. HanpMMep, b onwcaHMM k naieHTy 
CLIJA Nq 4,769,418 Sbino npeAnoweHO Mcnonb30BaHMe nacTMM HennaBamerocfl 
CM/iMKOHOBoro nonwMepa pa3MepoM ot 0,5 rq 7 wimkpoh Rna npeAOTBpaiAeHwa 
cnMnaHMfl nonMMepHOM nneHKM (aHTMBnoKOBbie AoSaBKw) m b KasecTBe Ao6aBOK, 

25 no3Bon«K)U4MX nonyMMTb 6e3Aec|DeKTHyio noBepxHOCTb npM noBbiweHHbix CKopocTax 
3KCTpy3MM. KowinaHMfl Dow Corning (cm. http://www.dowcorninq.com/content/plastics/ 
plassilox/) npoM3BOAMT Tawe nopouiKM ajia Ao6aBOK b cwiecM norwMepOB b 
KOJiMnecTBe ot 0,1 ao 40 Bee. %. flrm yMeHbweHMfl ApoSneHM^ pacn/iaBa riMHeMHoro 
nojiMSTMneHa hm3KOm nnoTHOCTM (LLDPE) npeAXiaraeTcn Mcnorib30BaHMe AoSaBKM ot 

30 0,2 ao 10 Bee. % cycneH3MM nopoLUKa b LLDPE c Ha3BaHMeM "DOW CORNING® 
MB50-313 MASTERBATCH", coAepwamero 50 Bee. % CM/iOKcaHOB. flxi* 
Mcnonb30BaHM* b KaMecTBe Ao6aBOK AOCTynHbi HennaBflmMeca (cuiMTbie) 
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no;ii/!CnnoKcaHbi b BUfle nopoiUKa cdpepmecmx HacTi/114 c pa3Mepowi ot 2 flo 6 mkm 
noflwiapKoii "Tospearl" ot KOMnam/w GE Silicones (cm. http://www.gesilicones.com/ 
silicones/americas/business/portfolio/resins/workshops/tospearl.shtmiy 

H3BecTHbi TexHWMecK^e peweHiifl (cm naTeHTbi CLUA NeNe 4,500,688, 

5 6,281,286, 5,648,426, 6,013,715 w 4,970,263), onucbiBaiomwe TepMonnacTWHbie 
cMeci/i c pearwpyioiMMMM KOMnoHeHTaMU ci/mi/iKOHOBofi pe3MHbi npn coAepwaHi/iw 
a/iacTOMepa ot 1 ao 60 Bee. % ot o6mero seca TepMonnacTMMHOii cwiecw. Plocne 
cjuopMOBaHn^ m^enm m jamx CMecew anacroMepw BynKaHM3npyK>T Rnn nojiyneHWfl 
TpexMepHow CTpyicrypbi W3 pe3MHbi b TepMonnacTMMHOM MaTpwue. BBefleHne 

10 cmjimkohob b TepMonnacri/mHbie CMecw o6nernaeT oTAeneHwe maenm ot npecc- 
cfcopMbi m yMeHbaiaeT a6pa3i/iBHbiw W3HOC m 3arp*3HeHwe noBepxHocn/i mppmiA. 

B onwcaHHax k naTeHTaM CLUA N2N2 4,535,113 m 4,857,593 6bmo npeAno>KeHO 
ncnonb30BaTb Ao6aBKn nonwcwnoKcaHOB c nonapHbiMM rpynnaMM ajih ynymueHwa 
MexaHMMecKMX 1/1 omwecKwx xapatcrepucTHK nneHKMH3 nojii/Jonec}DMH0B. B onucaHwn k 

15 naTeHTy CLUA N° 4,925,890 6bino npeAno>KeHo wcnonb30BaTb opraHocwnoKcaHbi co 
CTpyKTypow nuiHefiHoro ah-6/iok cononnwepa b KOM6wHai4i/M c oprano4)occ})opHbiMi/i 
coeflMHeHM^MM. B onucaHiM k eBponeficKOMy naTeHTy Ns 722 981 npeAnoweHo 
ncnonb30BaTb b KawecTBe flo6aBOK AHopraHOCi/inoKcaH c MoneKynapHbiM BecoM 6onee 
10 000 a.e., coAepwami/ifi ™apokcwji- rpynnw. B onwcaHWM k naTeHTy CLUA Ns 

20 5,789,473 npeA^o>KeHO ncno/ib30BaTb b KaMecTBe AoSaBOK aw-6jiok cononi/iMep 
opraHOcunoKcaHa c MoneKynapHbiM BecoM 6onee 40 000 w, c no KpawHew Mepe, 
oahom ruAPOKCM/i- rpynnofi. B onwcaHVii/i k naTeHTy CUJA Ne 6,013,217 npeAJioweHo 
ncnorib30BaTb b cnyMae MyHALUTyKa c HMKeneBWM noKpbrrweM noBepXHOCTi/i Ao6aBKi/i 
opraHOcfeoccfeopHbix coeflUHeHMW 1/1 ppQbbkw AHopraHoewnoKcaHa c MoneKynapHbiM 

25 BecoM 6onee 10 000 w, no KpaftHew Mepe, c oahow tmapokcmji - rpynnoii. 

06o6maa aHanw3 aHanoroB npeA^araeMoro TexHt/mecKoro peweHW*, 
CB«3aHHbix c wcnonb30BaHneM b Ka^ecTBe Ao6aBOK nojwcwnoKcaHOB a** chi/dkbhmh 
LuepoxoBaTocTM npoAyKTa, mo>kho OTMeTWTb, mto npeAnaraeMbie a^* wcnonb30BaHwa 
b KaMecTBe cMa3Kw coeAMHeHU* o6ecnem/iBaK)T HeAOcraTOMHoe yBeni/meHwe cKopocTi/i 

30 6e3AecjDeKTHOM 3KCTpy3WM. 

H3BecTHbi TexHMHecKne peiueHna, b kotopwx npeAno>KeHo wcnonb30BaTb 
AoQaBKH HeBynKaHM3MpOBaHHbix cfrropwpoBaHHbix anacTOMepoB. B oni/icaHi/11/1 k 
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naTeHTy CUJA Ns 3,125,547 pacKpbiTo, mto npn 3KCTpy3nw nonwonec^MHOB flo6aBKM ot 
0,005 ao 2 Bee. % 4)TopMpoBaHHbix anacTOMepoB c TeMnepaTypoii nnaBJieHwa wie>Kfly 
120°C m 300°C, ho He Bbiwe, Mewi TewinepaTypa cjDopMOBaHUfl nonnwiepHoro 
Marepnana, no3BormeT nonynaTb 6e3Ae#eKTHbM npoflyKT npi* 6onee bhcokom 

5 CKopoc™ 3KCTpy3MH. B oni/icaHi/in k naTeHTy CUJA Nq 4,555,543 onwcaHo 
Mcnonb30BaHne HeBynKaHH3MpoBaHHoro (JrropupoBaHHoro anacTowiepa - conojinwiepa 
TeTpa#Jiioopo3TMneHa c nep<£jiKDopo-ajiKi/m3Ct)i/ipoM b KaMecrBe flo6aBOK am 
ynynujeHMH KanecrBa TecfrnoHOBoro (PTFE) noKpbiTMfl. B naTeHTe CUJA Ns 5,051,479 
onucaH cnoco6 cjDopMOBaHMH, BKntoMaiomwii cMewHBaHi/ie flo6aBOK 

10 HeBynKaHM3uipoBaHHbix anacTOwiepoB - cononnwepa TeTpacfcniooposTwneHa c 
nepc}3Ji»oopo-anKMnBHHMn3c}DnpoM c TepMonnacTWHHbiM nonnwiepHbiwi MaTepwanoM b 
KonnnecTBe ot 0,05 ao 0,5 Bee. %, HarpeB ao nnaBneHMH h 3Kcrpy3MK) nonnwiepHoro 
MaTepwana. 

Hat/i6onee 6hm3kmm k npeAnaraeMowiy TexHMHecKowiy peweHwio flBnaeTC* 

is onwcaHHbiM b naTeHTe CLLIA N° 5,089,200 cnoco6 3KCTpy3MM pacnnaBa nonwwiepa c 
Ao6aBKaMM ({rropi/ipoBaHHoro noni/iMepa nepe3 MyHAWTyK, noBepxHOCTb KOToporo 
noKpbiTa cnoeM, coAepwami/iM oamh i/trw Sonee okcmaob weTannoB M3 rpynnw: Ti, Zr, 
Cr, Fe, Ni, Pd, Pt, Cu, Ag, Au, Al, Si, npwneM cfcrropMpoBaHHbifi nonnwiep 
xapaKTepn3yeTCH noBbitueHHOw aAre3i/iew k 3Towiy OKCMAHOMy noKpbrri/iio. B MacrHOM 

20 cnynae peanw3aMHM b KanecTBe cjDTopwpoBaHHoro nonwiwiepa wcnonb3yeTCfl 
HeByriKaHM3MpoBaHHbiM c|)TopMpoBaHHbiM snacTowiep. YBennMeHMe apxezm cno* 
cwa3KM k noBepxHOCTH no3BOJiaeT yweHbLUMTb CKopocrb yHoea CMazm pacnnaBOM 
nonniviepHoro MaTepwana. 

B onwcaHMM 3Toro naTeHTa noApoBHO M3JiaraeTCfl KOHCTpyKqwa wiyHAtUTyKa, 

25 xapaiaepM3yeMa^ Tewi, mto wiyHAWTyK MMeeT noKpbrrwe, coAepwaLAee oKcwAbi 
MeTannoB m yi<a3aHHoCi Bbiiue rpynnw. npi/iBOA*TCfl npi/iwiepbi HaHeceHHfl oKMCHoro 
noKpbi™^ Ha noBepxHOCTb iweTanna. 

B onucaHMM 3Toro naTeHTa noApo6HO i/i3naraeTca xi/iMi/mecKa$i cTpyicrypa 
Ao6aBOK cf)TopnpoBaHHbix nonnwiepoB m (JrropwpoBaHHbix snacTOMepoB, coAep>KaiAMx 

30 nojiapHbie rpynnbi m cnoco6Hbix xi/iMi/mecKi/i pearwposaTb win dpmmecm 
npwcoeAMHflTbCfl k noBepxHOCTM OKMCHoro noKpbm/ia, a wvieHHo: -COF, -S0 3 M, - 
OS0 3 M, -OH, -COOM, rAe M - boaopoa, K3thoh menoMHoro MeTanna uni/i K3Ti/ioh 
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awiMOHMfl, -S0 2 F, -S0 2 C1, -COOR, rAe R - anmn paflnKan c KonnnecTBOM 3tomob 
yrnepofla flo 3. B nacTHOCTw noKa3aHO, hto yeejiMMeHne 6e3Aecf>eKTHoii CKopoc™ 
3KCTpy3i/ii/i oBecneHMBatoT cjDTopupoBaHHbie nonwuepbi w cfrropwpoBaHHbie 
ajiacTOMepw, o6pa6oTaHHbie HeopraHWHecKWMW nepoKCMflaMU w MMeioii4Me KOHi4eBbie 
5 nbnapHbie rpynnbi -COOH nrin -COF. B onucaHMH naTeHTa noflpo6HO M3naraeTCfl 
cocTaB nojiMMepHoii cwiecu, coAepwamefi nonnwep hjih cononuwiep onecjMHOB, 
Ao6aBKH 4)TopwpoBaHHbix nonnwiepoB m HanojiHMTenb. OflHaKO b onwcaHnw k naTeHTy 
HeT yKa3aHMM, KaK ynpyrne cBowcTBa wiaTepwaxia floSaBOK bjimhkjt Ha KanecTBO 
4>opMyeMbix mnenm. 

10 06o6mafl aHann3 aHanoroB npeAfiaraeMoro TexHi/inecKoro peuieHwa, 

CBJi3aHHbix c Mcnonb30BaHnewi b KanecTBe flo6aBOK HeByjiKaHM3npoBaHHbix 
c{DTopMpoBaHHbix snacTowiepoB, mo>kho OTwieTi/iTb, mto wcnonb30BaHne 3tmx Ao6aBOK 
He npuBOA^T k HaHeceHi/iK> ynpyroro noKpbrrwfl Ha noBepxHOCTb MyHAunyKa. 
HeAocraTKOM stmx TexHt/mecKMX peiueHi/tti nBmejca HeAOCTaTOHHaa creneHb 

is yBeriMHeHM^ CKopocrw 6e3Ae<£eKTHoti 3KCTpy3wn. 

06o6ma« aHann3 Bcex ananoroB npeAnaraeivioro TexHMHecKoro peweHi/ifl, 
mo>kho cmvieTMTb, hto ao HacToamero BpeivieHM He n3BecTHbi cnoco6bi, no3Bon«K)iMMe 
3HaHMTenbHO yBenuiHMTb CKopocTb 6e3AecjDeKTHOM 3Kcrpy3wn, b oco6eHHocTM npw 
3Kcrpy3MM noniiMepoB, coAepwamwx TBepAbie a6pa3WBHbie HacTWLibi. Hew3BecTHbi 

20 TaioKe cocTaBbi AoQasoK, KOTopbie Mornn 6bi 6biTb ncnonb30BaHbi aha yBeni/ineHMfl 
6e3Aecf)eKTHOM ckopoctm 3KCTpy3nn m OAHOBpeMeHHO He yxyAUiaJiM 6bi KanecTBo 
npoAyicra. 

3aflBJiflei\/ibie TexHMMecKwe pewenm HanpaB/ieHbi Ha yBeni/ineHMe cKopoc™ 
6e3Aec)DeKTHOM 3KCTpy3Hn. flpyrwMM pe3ynbTaTawiti npeAJiaraewibix TexHunecKi/ix 

25 peiueHMM HBJiflioTCfl: yAeiueBJieHne wcnonb3yewibix Ao6aBOK, CHM>KeHMe KonnMecTBa 
Ao6aBOK npw 3KCTpy3wu pacnnaBOB nonnwiepHoro wiaTepwana c HanonHi/rrermMi/i, 
ynpoiAeHMe KOHCTpyKi4MM o6opyAOBaHwa cfcopMOBaHi/m pacnnaBOB noni/iiviepHbix 
wiaTepwanoB, skohomi/ih 3Heprnn, HeoSxoAMMofi ana cfDopwiOBaHHfl, ynyMLueHwe 
BHeuiHero BMAa m MexaHHHecKnx xapaKrepucTMK nonynaeMbix npoAyKTOB. 

30 YKa3aHHbiM pe3ynbTaT AOcrmraeTCfl Tewi, hto cnoco6 #opMOBaHi/m 

TepwionnacTUHHoro noni/iwiepHoro MaTepwana BKnionaeT BbiAaBnwBaHwe pacnnaBa 
TepiwonnacTUHHoro nonnwiepHoro wiaTepi/iana c Ao6aBKaMM snacTOMepoB nepe3 
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yorpoMCTBO fyifl cfropMOBaHwa TepMonnacTMHHoro noni/iMepHoro Marepwana, m 
co3AaHne b npouecce BbiAaBni/iBaHi/m ynpyroro noKpbiTHfl, no KpafiHew Mepe, Ha Hac™ 
noBepxHOCTM ycTpowcTBa, Haxoflflmeiicfl b KOHTaicre c pacnnaBOM. 

YKa3aHHbiCi pe3yjibTaT AOCTuraeTca TaioKe Tewi, hto co3AaHne ynpyroro 
noKpbiTH^ ocyLLiecTBUHJOT, no KpawHew Mepe, Ha nacTi/i noBepxHoc™ ycTpowcrBa ann 
c^opMOBaHi/if), npMMbiKaKDOieM k BbixoAy M3 cf3opMyH3Luero yCTpOMCTBa, 1/1 c ajwhom He 
wieHbiue 10% ot LuwpuHbi 3a3opa a^* cfiopwioBaHMfl no/iMMepHoro MaTepi/iana. 

YKa3aHHbiii pe3ynbTaT AOCTi/iraeTca TaioKe Teiw, mto ppQbbkw anacTOMepoB 
bhoc*t b 4)opMyeMbi£i nonnMepHbiM MaTepi/ian b KoriMHecTBe ot 0,001 ao 10 Bee. %. 

YKa3aHHbiw pe3ynbTaT AOCTwraeTca TaioKe Tewi, hto Ao6aBKM 3nacT0Mepa 
b ho cat b npouecce cjDopMOBaHMfl OAHoro TepMonnacTi/iHHoro noni/iMepHoro 
wiaTepnana c Ao6aBKaMi/i anacTowiepoB ot 0,01 ao 10 Bee. %, a 3aTewi npoM3BOA*T 
cfcopMOBaHwe Apyroro TepMonnacTi/iMHoro noni/iiwepHoro MaTepnana c Ao6aBKawin 
3nacroiviepoB ot 0,001 ao 1 sec. % i/ijii/i 6e3 AoSaBOK. 

YKa3aHHbiM pe3ynbTaT Aocn/iraeTCfl TaioKe Tewi, hto co3AaHi/ie ynpyroro 
noKpbiTMfl ocymecTBJiflioT nyrewi oca^eHMfl Ao6aBOK anacTOiwepoB m pacnnaBa 
cfcopMyewioro TepwionnacTi/iHHoro noni/iwiepHoro wiaTepi/iana m wx Byn KaH 1/133141/1 i/i. 

YKa3aHHbiii pe3ynbTaT AOCTi/iraeTca TaioKe Tew, hto co3AaHi/ie ynpyroro 
noKpbiTM^ ocymecTBJiHJOT nyTewi oca>KAeH!/ifl A°6aBOK anacTOMepoB m pacnnaBa 
cftopMyewioro TepMonnacTi/iHHoro noni/iwepHoro wiaTept/iana, a b KanecTBe 
anacTowiepoB i/icnonb3yK)TTepMonnacTviMHbie 3nacrroMepbi. 

YKa3aHHbiCi pe3ynbTaT AQCTuraeTCH TaioKe Tewi, hto b KanecTBe 
TepwionnacTMHHbix anacTOMepoB i/icnonb3yiOT anacTowiepbi c TewinepaTypoM 
CTeicnoBaHi/iyi Hwwe TewinepaTypbi $opMOBaHiifl TepwionnacTHHHoro nonwwiepHoro 
wiaTepwana v\ c wianow aAre3i/iefi k <£opMyeMOMy Tepwionnacrn/iHHOMy nonwviepHOMy 
MaTepi/iany. 

YKa3aHHbiw pe3yjibTaT AOCTMraeTCJi Taione Tewi, hto anacTOwiepbi Bbi6npaK>T 1/13 
rpynnbi snacTowiepoB, cnoco6Hbix k BynKaHW3aMHw no peaKMnaw no.n1/iKOHAeHca141/iM 
v\nv\ n/iAP0cnni/ip0BaHi/m. 

YKa3aHHbiw pe3ynbTaT AOcrwraeTCfl TatoKe Tewi, hto npoqecc #opMOBaHi/ifi 
TepwionnacTMHHoro nonwviepHoro wiaTepwana ocymecTBnaiOT c wcnonb30BaHneM 
ycrpouicTBa c noKpbm/ieM, HaHeceHHbiM, no KpawHefi iwepe, Ha nacTi/i ero 
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noBepxHoc™, HaxoAflmewcH b KOHTaicre c pacnnaBOM m coAepwamwM KaTani/i3aTop 
Ann cooTBeTCTByrauAeM peaKUMH ByjiKaHH3ai4MH ajiacTOMepoB, 

YKa3aHHbm pe3y/ibTaT flocTwraeTc^ TaioKe Tew, mto noKpbiTue, coAepwamee 
KaTani/i3aTop flna cooTBeTcrsyiomefi peaKqwn ByjiKaHW3ai4nn 3/iacTOMepoB, HaHocflT b 
5 npouecce cfropMOBaHwa TepMonnacrnMHoro nonniviepHoro MaTepnana. 

YKa3aHHbiM pe3y/ibTaT AOCTHraeTca TaioKe Tewi, mto floSaBKM anacTOiwepoB h 
KaTa/iM3aTopa an* o6ecneweHHfl mx BynKaHM3ai4MM bhocat pa3Ae/ibHO bo BpewieHM. 

yKa3aHHbiM pe3ynbTai AOCTMraeTca TaioKe Ten/i, mto ao63bkh KaTanw3aTopa 
bhocat b npoqecce cf)opMOBaHMfl OAHoro TepMonnacTMHHoro norwMepHoro 
10 iviaTepnana, a 3aTew npow3BOAflT <£opMOBaHwe Apyroro TepMonnacTHMHoro 
nonwMepHoro MaTepi/iana. 

YKa3aHHbiw pe3ynbTaT AocTwraeTC* Tatotce Tew, mto pacnnaB 
TepMonnacTHMHoro nojiwviepHoro wiaTepnana AononHtiTenbHo coasp>kmt A°6aBKi/i 
cuJMBaK)U4MX areHTOB. 

is YKa3aHHbiw pe3ynbTaT AOCTi/iraeTCH TaioKe Teiw, mto b KaMecrrBe cwnBaiomi/ix 

areHTOB wcnojib3yiOT opraHMMecKne nepoKCi/iAbi c Ten/inepaTypow pa3Jio>KeHi/ifl Bbiiue 
TewinepaTypbi cfcopMOBaHwa, ho Hi/i>Ke TeivinepaTypbi pa3Jio>KeHMfl TepMonnacTtiMHoro 
nouMwiepHoro iviaTepwana. 

yKa3aHHbiM pe3ynbTaT AOCTwraeTca TaioKe Tewi, mto BynKaHM3ai4Mo 

20 ajiacTOMepoB ocymecTBrmioT nyrew mx HarpeBa ao TewinepaTypbi pa3no>KeHMfl 
yKa3aHHbix nepoKCMAOB, no KpawHefi Mepe, b tow Mac™ cfcopMyjomero ycTpoficTBa, 
KOTopaa npviMWKaeT k ero BbixoAy, Hanpwwiep, k BbixoAy H3 MyHAurryKa l/inw cfwnbepbi. 

YKa3aHHbiM pe3ynbTaT TaioKe AocTwraeTca ncnonb30BaHi/ieM ycTpowcTBa a™ 
cjDopMOBaHM^ TepMonnacTMMHoro no/inwiepHoro MaTepnana c noKpbiTneM, 

25 HaHeceHHbiM, no KpawHew Mepe, Ha Mac™ tow noBepxHoc™ ycTpowcTBa, KOTopan 
npeAHa3HaMeHa pj\n KOHTaicra c pacnnaBOM TepMonnacTMMHoro nonniviepHoro 
iwaTepnana, m coAepwami/iM KaTaxiM3aTop nr\n cooTBeTCTByfomefi peaKquw 
BynKaHM3ai4MM anacTowepoB. 

YKa3aHHbiM pe3ynbTaT AQCTi/iraeTca TaioKe wcnoJib30BaHneM ycrrpoMCTBa c 

30 noKpbiTweM, coAep>Kaii|MM KaTanw3aTop m BbinonHeHHbiM m pe3WHbi, anacTHMHOw npn 
TeiwnepaType cjDOpMOBaHWfl nonnwiepHoro MaTepwana. 
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YKa3aHHbiM pe3yribTaT flocTwraeTca TaK>Ke ncnonb30BaHneivi cocraBa 
TepMonnacTHMHoro nonmviepHoro iwaTepwana, coAepwamero nonno/iec}3MHb! m 
flo6aBKH anacTOMepoB, npuweM b KaMecTBe anacTOMepoB Mcno/ib3yK)T 6jiok 
cononwMepbi wecTKwx nanwviepoB (A) c Tewineparypow CTeKnoBaHM^ Bbiwe 

5 K0MH3THOM, HO HM>K6 TeMnepaTypbl (ftopMOBaHl/ifl yKa3aHHb!X nonMOne4)MHOB, M MflPKI/JX 

nonnMepoB (B) c TeiwnepaTypow cTeKnoBaHt/ia Hwwe KOMHaTHOM, nptmewi 6iiok 
cononMMepw Bbi6npaK)T co CTpyioypoCi nmemoro 6jiok cononnwepa A(BA) n , rfle n>0, 
win (BA) m , rfle m>1, v\nv\ rpacfcT-conorMwiepa, Korfla k MflrKomy nonwMepy npi/iBMTbi, no 
KpaMHefi n/iepe, flBa Sokobwx cerweHTa wecTKHx nonnwiepoB, npw cneflyromeM 

10 COOTHOLUeHMM KOMHOHeHTOB". 

TepwionnacTMMHbie anacTOiwepbi - 0,001 - 10 Bec.% 
TepMonnacTMMHbiM nonniviepHbiM MaTepwan - ocranbHoe. 
YKa3aHHbm pe3yjibTaT AOCTMraeTCf? TaiOKe iicnonb30BaHi*eM cocraBa 
TepMonnacTMMHoro nonmviepHoro MaTepna/ia c Ao6aBKaMM TepivionnacTMMHbix 
is anacroMepoB, b kotopom b KanecTBe wecna/ix nonwviepoB npewMymecTBeHHo 
wcnonb3y»OT nonnwiepw m cneaytomevi rpynnw: nojw3cjMpcyribc{DOH, 
noriMBUHMnnupponnflOH, nojWMemnMeTaKpwnaT, nonwcTMpon, wecTKww nojwwMWA, 
nonwypeTaH, a b KanecTBe M^rKi/ix noriMMepoB npewiviymecTBeHHO wcnonb3yK)T 
nonwiwepbi m cneflyioineM rpynnw: nonnflUMeTH/icwnoKcaH, nonnwieTun- 
20 cfceHwicwiOKcaH, noriMTeTpacjDTopoTMJieH, #TopnpoBaHHbifi nojit/i3Ti/meH win Maraie 
cono/iMMepbi $Topi/ipoBaHHbix nonMonec|)HHOB c cooTHOweHMeM aTOMOB ctrropa k 
aToiwaM yrjiepofla He wieHee 1:2. 

TepwiMH "TepMonnacTMMHbiw no/wMepHbifi MaTepi/ian" wnw Rna KpaTKOc™ 
"TepMonjiacTMMHbiM Maiepnan", "TepMonnacT" 03HaMaeT MaTepwan Ha ocHOBe 
25 no/iMMepa, KOTopbifi pa3MarMaeTca h npuo6peTaeT cnoco6HOCTb k nnacTtmecKow 
flecfropMauww npw HarpeBe flo TeMnepaTypbl wieHbwe TeMnepaTypbl ero TepMi/wecKoro 
paznoweHm. TepwiMH "nnacTkNHaa AecfcopMauM*" 03HaMaeT Heo6paTHMyK) 
AecfcopMaLiwo nofl AewcTBueM MHoroKpaTHow win AonroBpeiueHHOM Harpy3KM 6e3 
pa3pyiueHHf?. 

30 B o6meM cnynae TepMonnacriiHHbifi MaTepnan MMeeT b CBoewi cocTaBe He 

To/ibKO caw no/iniwep, ho i/i pa3nwMHbie Ao6aBKn: aHTwoKCWAaHTbi, CTaewnwsaTopbi, 
AoSaBKM a™ ywieHbiueHu^ cTaTunecKoro anexTpunecTBa, opraHMMecKwe m 
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HeopraHMMecKne HanojiHUTerm, KpacHTeni/i, nnac™<£i/iKaTopbi, flo6aBKM, 
npeAOTBpaiMaKDinwe cnwnaHvie, Hanpniviep aHTn6noKOBbie floSaBKM A*™ nonwMepHOM 
nnsHKM, Ao6aBKM, ynymuaiomMe nepepa6oTKy nonniviepoB, Hanpwviep Macxia m t.a. 
npuMepbi noni/iwiepHoro wiaTepnana BKnKHarcnr, ho He orpaHHMeHbi cneAyiomi/iM 

5 cnncKOM: nojiMonecjMHbi, cfrropupoBaHHbie ymeBOAOpOAHbie nojiwwepbi, bmhmji- 
nonnMepbi, aKpunoBbie m MeTMn- aKpunoBbie nonwMepbi n anacTOwiepbi, nojiwaueTaTbi 
w mx cononwMepbi, nonnactDupbi, nonwaMi/iAbi, noni/iKap6oHaTbi, nonncyjibcjDOHaTbi m 
nonnypeTaHbi, TepwionnacTMMHbie scfwpbi ue/uiK>no3bi. 

npe>KAe Bcero, npeAJiaraewioe jexHi/mecicoe peiueHne npeAHa3HaneHO Rnn 

10 Mcnonb30BaHM5i npw cjDopMOBaHnn nojiMonecf)HHOB. Plpuwiepbi norMonecjDi/iHOB 
BKJiKDMaioT, ho He orpaHHHeHbi nonnwiepaMM m conorutMepaivii/i oTuneHa, nponwneHa, 
6yTeHa, neHTeHa, reKceHa, a raioKe cononnwiepaMM Moneicyn nonwonecfwHOB c 
cunaHaMM n c MOHOwiepaMM, coAep>KatAMMM no/iHpHbie wioneKynbi, KOTopwe 
BicnioHaioT, ho He orpaHMMeHbi Bi/iHwnoBbiM cnnpTOM, aKpwnoBOM Ki/icnoTow, a TaK >Ke 

15 CMeCflMW 3THX POJll/lMepOB. 

npaKTMMecKH npeAnoMTMTenbHbiwin MaTepi/ianaMi/i pj\n 3KCTpy3HM flBnaioTCH: 
nonnonect)HHbi m mx cononnMepbi, nonyMeHHbie c ncnonb30BaHi/ieM wieTannoLieHOBbix 
KaTanM3aTopoB i/i a^ kotopux xapaicrepHO y3Koe pacnpeAeneHne MoneKynapHoro 
Beca. (IpeAJiaraeMoe TexHtmecKoe peweHi/ie c HeKOTopbiwin orpaHWMeHi/iflMM MoweT 

20 6biTb wcnorib30BaHO pj\9\ ynymueHMfl 3KCTpy3tin cwiecetfi cwpbix anacTOMepoB c 
nepoKCHAaww, KOTopwe Byn Ka h m 3 m py jotch no CBo6oAHO-paAW<anbHOMy MexaHH3wiy, 
mum TepwonnacTHMHbix anacroMepoB Ha ocHOBe Sjiok cononwuepoB, mjim npi/i 
3Kcrpy3MM CMecefi Tep mo nnacTHM h wx noJWMepoB c sjiacroMepaiviM. 

B cooTBeTCTBMH c npeAJiaraeMbiwm TexHWMecKMMW peweHMflMi/i b npoqecce 

25 #opMOBaHi/m TepMonnacTMMHoro nonnwiepHoro MaTepwaxia ocymecTBJifleTCfl 
HaHeceHwe ynpyroro noKpbm/ia Ha noBepxHOCTb, KOTopaa HaxoAMTca b KOHTaiae c 
pacnnaBOM nonnwiepHoro MaTepwana. flna yBe/iHMeHi/ia 6e3Ae$eKTHOW ckopoctm 
3KCTpy3Hi4 A0CT3T0HH0 HaHoci/iTb ynpyroe noKpbiTwe b6jim3M BbixoAa m cfeopMyiomero 
ycTpoiiCTBa c AJiwHOM noKpbiTM^ He wieHee 10% ot wwpMHbi 3a3opa a^* cf)opMOBaHi/m 

30 TepMonnacri/iMHoro nonnwiepHoro wiaTepwana. flewcTBi/rrenbHo, ynpyrne HanpaweHi/m 
b noTOKe nonnwiepHoro waTepnana cocpeAOTOMeHbi b6jim3M BbixoAa W3 cfropMyiomero 
ycTpowcTBa m Mcnonb30BaHne noKpbrmfl ywe TaKofi atimhw no3BormeT 3awieTHO 
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yBenwHMTb CKopocib 6e3Ae<£eKTHoii 3KCTpy3i/iw Ton cto CTe h h o m Tpy6bi v\nv\ npodpvim. 
npw yBejiMM6HMi/i fl/iMHbi ynpyroro noKpbm/m CBbiwe 10% ot Lunpunbi KaHana CKopocTb 
6e3flecf)eKTHOM 3KCTpy3wn flononHMTexibHO B03pacTaeT. ripn fl/ii/ine ynpyroro 
noKpbiTMa wieHee 10% ot uwpi/iHbi KaHana yBennMeHne 6e3Aec|)eKTHoii ckopoctw 

5 3KCTpy3MM He nponcxoAMT. 

HaHeceHne noKpbiTMfl b npouecce 3KCTpy3MH, Hanpuwiep npn 3KCTpy3ww sepe3 
wiyHfliiiTyK, NioweT ocymecTBnflTbc* npn i/icnonb30BaHHH coBpeMeHHbix KOHCTpyiajHw 
MyHfliiiTyKOB ann H3roTOBneHWfl MHorocnowHofi nneHKi/i v\nv\ wiyHflLUTyKOB, 
coflep>KaiMnx nopucTbie bct3bkm Rnn noflaMM CMa3KH Ha noBepxHOCTb, HaxoAamyiocfl 

10 b KOHTaicre c pacnnaBOM nonnMepHoro wiaTepnana (cm. naTem* CUL1A N° 4,485,062). 
OflHaKO, npeflnoMTMTenbHbiwi HBnaeTCfl HaHeceHne n BOCcraHOBneHHe noKpbrn/ia npi/i 
oca>KAeHMM ao6aBOK M3 pacnnaBa nonnwiepHoro MaTepwana Ha noBepxHOCTb, KOTopaa 
HaxoflMTC^ b KOHTaicre c pacnnaBOM. TeMnepaTypa $opMOBaHMfl noni/iMepHoro 
MaTepwana flon>KHa 6biTb Bbiiue cooTBeTCTByioLueii TeMnepaTypw nnaBneHvm flo6aBOK 

15 win TeMnepaTypw CTeKnoBaHi/m Ao6aBOK, T.e. npw TeMnepaType cfcopMOBaHwa 
Ao6aBKn Aon>KHbi pa3M^rwaTbc^ m o6pa30BbiBaTb Ha noBepxHoc™ enow 
TepMonnacTMHHoro anacroMepa, i/inn enow cMeci/i KOMnoHeHTOB cwpbix snacroMepoB, 
unw cnofi CMecu cwpbix snacTOMepoB m ciunBajOLUMX areHTOB. B3ai/iMOAewcTBi/ie 
oca>KAeHHbix snacTOMepoB c noBepxHOCTbio m BynKaHM3auwfl KOMnoHeHTOB 

20 snacTOMepoB b stom cnoe npuBOA^T k co3AaHMio ynpyroro noKpbrmfl Ha noBepxHocm. 
CKopocTb oca>KAeHHfi Ao6aBOK pacTeT nponopqwoHanbHO i/ix KonnMecTBy b 
nonnMepHOM MaTepwane. CKopocTb M3Hoca ynpyroro noKpbrrwfl onpeAenaeTca 
CKopocTbio cKonbweHi/m pacnnaBa noni/iMepHoro MaTepwana Ha rpaHMqe noKpbm/m, 
HannHMeM a6pa3i/iBHbix HacTi/114 b nonwMepHOM MaTepnane, aAre3neiJi ynpyroro 

25 noKpbiTMfl k noBepxHoc™ 1/1 MexaHnnecKHMM CB0MCTB3MM ynpyroro MaTepwana 
noKpbiTMH. flosTOMy KonwnecTBo Ao6aBOK noA6npaiOT a^ BbinonHeHwa 6anaHca 
Me>KAy CKopocTbro M3HOca w CKopocTbio oca>KAeHWfl noKpbiTUfi a™ ero 
BoccTaHOBneHMH. Han6onee npeAnoMTWTenbHbiM npeAcraBnaeTCfl Bbi6op W3 
Anana30Ha 0,001 - 10 Bec.%. 

30 Ecnw KonMHecTBO flo6aBOK BBOAWTb MeHee 0,001 % to CKopocTb oca>KAeHWfl 

noKpbrrwa 6yAeT HacTonbKo Mana, mto He 6yAeT KOMneHewpoBaTb ero w3hoc. 
BBeAeHwe Ao6aBOK 6onee 10 % Hei4enecoo6pa3HO w3-3a Toro, mto W3-3a BbicoKow 
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cKopoc™ oca>KfleH[rffl noKpbiTwe 6yAeT HapacTaTb 6bicTpee, Mewi H3Hawi4BaTbCfl, hto 
wio>KeT npMBecTM k HeKejiaTeiibHOMy coKpameHmo npoxoflHoro ceneHiifl cfropiviyiomero 
ycrpoMCTBa. KonnnecTBo floSaBOK nofl6npaK)T t\na BbinoriHeHMfl SanaHca Me>Kfly 
n3Hocowi m oca>KneHMeM noKpbrrwfl M3 flwana30Ha 0,001 ~ 1 Bec.%. 

HaHeceHne ynpyroro noKpbrrwfl MOweT 6biTb npon3BeAeHO b OTHOCMTeribHO 
kopotkmx npowie>KyTKax BpewieHn. B ocranbHoe Bpewi^ o6opyAOBaHMe MoweT 6biTb 
wcnorib30BaHO an* 3KCTpy3M/i nonuiwepHoro wiaTepnana 6e3 flo6aBOK wnn c ManbiM 
KonnMecTBOM floSaBOK, HanpiiMep, ppa ycKopeHHoro Hanecenm ynpyroro noKpbrn/ifl 

MO>KHO MCnOJlb30BaTb CMeCM C SOflbLUMM - flO 10 BeC. % COflep>KaHMeM fl06aBOK, a 

3aTeM ncnonb30BaTb flo6aBKM b KonnnecTBe He 6onee 1 Bee. %, a npewMymecTBeHHO 
0,01 - 0,05 Bee. %. 

B TexHMKe 3KCTpy3i/iw Ao6aBKM npuroTOBJiaioT b BHAe KOHLieHTpwpoBaHHbix CMecePi c 
nojinwepHbiM MaTepnanoM, a rpaHyjibi 3Toro KOHLjempaTa A03npy»0T m cMeiunBawT c 
rpaHyjiawin nonwMepHoro wiaiepnana b 3KCTpyAepe. ripwroTOBJieHwe 
KOHueHTpupoBaHHbix cMecefi Ao6aBOK no3BonaeT onTMMH3npoBaTb pa3Mep 
BKnioMeHMM Ao6aBOK b nojii/i MepHbiM MaTepwaji. Oca>KAeHMe Ao6aBOK Ha noBepxHOCTb 
cj)opMyK)Luero ycTpowcTBa nponcxoAMT b wiecTax pe3Koro cyweHi/m noTOKa. Pa3iwep 
BicniOMeHMM He MOweT 6biTb cjiwjjkom wia/ibiM (MeHee 0,1 mkm), TaK K3K b 3tom cnyMae 
3HaHi/iTejibHO cHM>KaeTCfl CKopocTb oca>KAeHMfi Ao6aBOK Ha ere h km cfropMyromero 
ycrrpoMCTBa. Pa3Mep BKJiKweHww He MO>KeT 6biTb cjimlukom 6onbUJHM (6onee 10 mkm), 
TaK KaK CTaHOBMTC^ 3aMeTHow HeoAHopoAHocrrb nojiynaeMoro npoAyKTa. (Ipw 
onTMManbHOM pa3Mepe BKJiiOHeHMM (ot 0,1 ao 10 mkm) nonn Ao6aBOK b 
TepMonnacTMMHOM MaTepwane He MO>KeT 6biTb Hwwe 0,001 Bee % hjtim 6onee 10 
Bec.%. flePicTBMTenbHO, scfxfjeKTMBHocTb oca>KAeHMH AoSaBOK yBe/WMMBaeTCfl c 
yBexiMMeHweM pa3Mepa BK/iKDseHMM (cm S. B. Kharchenko, P. M. McGuiggan, and K. B. 
Migler, "Flow induced coating of fluoropolymer additives: Development of frustrated 
total internal reflection imaging", J. Rheol. 47 (2003) 1523-1545) n, ecnw aoji* Ao6aBOK 
HM>Ke 0,001 Bee %, to npw onTMManbHOM pa3Mepe BKmoneHMw b pacnnaBe oca>KAeH!/ie 
Ao6aBOK Ha noBepxHOCTb nponcxoAWT HepaBHOMepHO. A npn Aone Ao6aBOK 6onee 10 
Bec.% oca>KAeHne Ao6aBOK npuBOAMT k HeKOHTponnpyeMbiM . n3MeHeHi/mM ceMeHna 
noTOKa n npocfewnfl npoAyicra. 
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HaHeceHne ynpyroro noKpbrn/ia wioweT 6biTb npoi/i3BeAeHO npw wcnonb30BaHMn 
Apyroro Tuna norwMepHoro Marepwana, new f\na cfcopMOBaHi/ia npoflyKTa. Hanpwwiep, 
Ann HaHeceHua noKpbrri/m mokst 6biTb wcnonb30BaH AeujeBbiw noni/i3TwneH Hi/i3Koti 
nnoTHOCTM (LDPE), a 3areM nonyneHHoe ynpyroe noKpbirwe mo>kho ucnojib30BaTb npn 
5 M3roTOBJieHHM np03paMHow nonwoTMJieHOBoii nneHKM m 6o/iee Aopororo nonnMepHoro 
wiaTepwana, Hanpwwiep wieTamioueHOBoro noni/iaTwieHa (mLLDE unw mPE). 

TepMMH "HaHeceHne ynpyroro noKpbrrwa" 03HanaeT HaHeceHwe noKpw™* m 
wiaTepwana, ynpyroro no cpaBHeHUfo c TepwionnacTi/isHbiwi nonwwiepHbiM MaTepnaxiowi, 
Ha >KecTKyio noBepxHocrb v\nv\ Ha c/iow APyroro win Toro we ynpyroro iwaTepwa/ia, 

10 Hanpwwep, an* BoccTaHOBneHwa i/i3HoujeHHoro noKpbrrwa mjim HapaiAWBaHi/ifl 
TonmMHbi ywe wviefomeroca noKpbiTK*. B tom Mucne mo>kho HaHOcnTb ynpyraw 
wiaTepwan oAHoro copTa Ha ynpyrvm wiaTepnan Apyroro copTa. Hanpuwiep, HaHocwrb 
enow anacTowiepa, ycTOWMWBoro k a6pa3MBHOMy M3Hocy, Ha enow anacTowiepa Apyroro 
copTa, KOTopbifi o6naAaeT noBbiuieHHort aAre3neti k noBepxHOcrw MeTanna. Ynpyrwe 

is CBoCicTBa M3MepflK)TCH a^a xapaicrepHoro BpewieHW npouecca. TepMi/m "xapaiaepHoe 
Bpeivifl npouecca" 03HaMaeT BpeMfl mweHeHvia Harpy3KM (AaBJieHt/ia) b npoiiecce. 
XapaiaepHoe Bpewifl nepnoAMHecKwx w KBa3nnepnoAWHecKMX npoueccoB MCHMcn^eTCH 
KaK nepwoA ocuwinflLiMM. 

rionMMepHbiM wiaTepnan npn TewmepaType Bbiwe TewinepaTypw CTeKnoBaHi/ia 

20 npoflB/ifler ynpyrae CBoficTBa an* kopotkwx npoqeccoB n nnacTMMecKne cBOMCTBa a^* 
AJiMTenbHbix npoueccoB. Ana mwepeHm cooTHOiueHi/m wie>KAy nnacTMMecKofi n 
ynpyrow AecftopMaLjMefi m a^* onpeAeneHMH A^HaMMMecKnx cbomctb Marepwa/ia ero 
AecjDopMwpyiOT nepnoAMMecKM, a wwieHHo: HaKnaAbmaiOT CMHycoMAanbHO 
W3MeHflfomytocfl Harpy3«y (cm. A.f0.rpoc6epr, A.P.XoxnoB. Qmma b Mi*pe 

25 nojinwiepoB. M., "HayKa", 1989; A.K).rpoc6epr, A.P.XoxnoB. OaTi/icTi/mecKa* cfM3HKa 
noHMMepoB. M., "HayKa", 1989). Ecni/i F - cwna, np!/ino>KeHHafl k nnomaAM 
noBepxHocTM S b HanpaBneHMw napannenbHo stow noBepxHoc™, to Hanpfl>KeHMe 
CABura a = F/S. TorAa Aec^opwiauM^ CABura y = y 0 *SIN(©t). HanpnweHne cABi/ira b 
B«3KO-ynpyroiw MaTepnane npwHHTO onucbiBaTb c noMombto G' - ynpyroro Mopynn m 

30 G" - Bfl3Koro MOAy™. TorAa a = y Q » (G'»SIN(cot) + G"«COS(a>t)). Ha Onr.1 
rpacf)MMecKM npeACTaBiieHo ah* TewinepaTypbi 165°C n3MeHeHne ynpyroro MOAy™ G 1 
m BA3Koro MOAyn5i G" c MacTOTOM B03AeifcTBMfl f = co/27i: finn nnHefiHoro nonwaTnneHa 
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LL1201 XV, KOTopbiM Mbi Mcnonb30Banw b npuiwepax peanw3ai4Mw npeflnaraewioro 
TexHMMecKoro pemenm. KpuBbie nepeceKaraTCfl npw MacTOTe oKono 7 R4. B npeAene 
wianwx MacTOT B03fleMCTBi/m bh3khm MOAynb 6onbLue ynpyroro MOAyna, to ecTb 
wiaTepwan BefleT ce6a KaK >KMflKocrb. B npeAene bwcohmx nacTOT B03AewcTBMfl b*3ki/im 
5 MOAynb MeHbLue ynpyroro MOAyna, T.e. wiaTepwan BeAeT ce6a KaK TBepAoe Teno. 

KaK noKa3aHO Hwwe b npuwiepe 1 , npw 3KCTpy3wn pacnnaBa 3Toro noni/iaTwneHa 
npn TeMnepaType 165°C B03HMKaioT flecjseicrbi noBepxHoc™ c MacTOTofi nx noflBneHwa 
okojio 20 Tu. ripuMUHa noaBneHwa Ae<t>eicroB NioweT 06-bacHflTbCfl cneAyrcmwM 
o6pa3owi. Ha BbixoAe i/i3 wiyHAWTyKa noBepXHOcTHbifi enow npoAyKra ycKOpaeTCH w 

10 pacT^rMBaeTCfl. Ynpyraa aHeprwa pacTflweHwa woweT BbiCBo6o>KflaTbCH b 
nepwoAnnecKnx nepexoAax "npunnnaHne-CKonb^eHne", T.e. CKaMKOo6pa3Hbix CABurax 
noBepxHOCTHoro cnoa wiaTepwana BAOJib noBepxHOCTM MyHAurryKa B6ni/i3i/i ero 
BbixoAa, w b pa3pyuieHMM (APo6neHMM) noBepxHOCTHoro cnoa nonwMepa TpeinMHaMi/i. 
CooTHoiueHwe we>KAy ynpyrnwi vi bk3kiam MOAyneM (G7G") ana pacnnaBa 

is norwMepHoro iwaTepwa/ia Ha nacroTe B03HHKHoaeHna nedpeKTOB paBHo 3HaweHwo K. 
OneBMAHO, mto 3HaMeHwe K wioweT MeHHTbca ot oahoto nonwwiepHoro MaTepnana k 
Apyrowiy v\ npw i/i3MeHeHMM TewinepaTypbi $opMOBaHMH. Rna wcnonb30BaHHoro b 
npwiviepax peanw3aqi4M nonwaTwneHa LL1201 K = 1,4. BbiSepeM Benmmy K b 
KaqecTBe cfraKTopa, onpeAenaromero ynpyrwe CBoficTBa wiaTepi/iana. MaTepwan 

20 noKpbiTOfl Aon>KeH 6biTb ynpyrwiw no cpaBHeHWio c pacnnaBOM nonwMepa, T.e. 
OTHoiueHwe ynpyroro MOAynn k Bfl3KOMy MOAynio Aon>KHO 6biTb 6onbiue 
cooTBeTCTBytomefi Beni/iMi/iHbi Ana nonnwiepa b K pa3 Ha MacTOTe nofiBneHwa 
jHedjpeKTOB. Byftewi CMMTaTb, wto MaTepwan noKpbrrwfl flBnaeTca ynpyrwwi MaTepwanoM 
no cpasHeHMio c pacnnaBOM noni/iiwepa, ecnw (G ^p^G"^*,™) > K*(G' n on MM ep/G" 

25 no/iMMep) = K 2 . TorAa Ha nacTOTe noaBneHWfl Ae<t>eKTOB ynpyrww MaTepnan Ana 
noKpbiTMfl xapaKTepw3yeTC« cooTHOtueHweM G7G" > K 2 . Mo>kho owi/iAaTb, mto b 
CBH3aHHOM MexaHMMecKofi cwcTewie "nonMwiep - ynpyroe noKpbiTwe" npoM30MA6T 
Aeiwncf)MpoBaHne Kone6aHwfi. 

flononHMTenbHO Ana nonyHeHM* noKpbiTvm Ha noBepxHOcri/i Heo6xoAWMO, 

30 MTo6bi i/i b npeAene Manwx nacTOT wiaTepwan noKpbiTHfl aBnanca ynpyn/iwi no 
cpaBHeHMK) c pacnnaBOM nonwMepHoro MaTepwana. C yMeToiw c^aKTopa, 
onpeAeiiHJomero ynpyrwe CBoficTBa MaTepnana sto 03HaHaeT, mto b npeAene wianwx 
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MacroT (flJiMTenbHoro BpeivieHi/i) B03fleMCTBM^ noKpbrrwa OTHOiueHwe ynpyroro 

MOflyj15l K B*3KOMy MOflynK) (G , noKphrTMe/G ,, noKpbiTMe)o > K*(G' no/iMMep/G" noji MM ep)o = KL, 

rfle (G' no/iMMep/G" n on M Me P )o B L- OTHomeHi/ie ynpyroro MOAyn* k B*3KOMy MOAynio pjw 
pacnnaBa noni/twiepHoro wiaiepnana b npeAene hm3ki/ix nacTOT B03Aei!icTBWfl. 
5 TaKMM o6pa30M, MaTepnan ana ynpyroro noKpbrnifl b KommecrBeHHOM 

OTHOLueHMM AOiweH yAOBneTBopHTb cneAyK>U4MM ABywi yciiOBM^M: 

(G'noKpbmie/G noKpbrrwe) > K 2 , r fl e K = (G' pIG" nonnMep) una xapaicrepHow 

MaCTOTbl B03HI4KHOB6HMH Ae#eKTOB, 

(G , n OKP bmie/G"noKpb.T M e)o > KL, IRe L = (G* no/iHMep/G" nonnMep)o Ha Ma/IblX HaCTOTaX 
10 B03AeMCTBUI«. 

Ecni/i Rnn HaHeceni/ia noKpbrrwfl wcnonb3yroT wiaTepi/ian, KOTopbiw wwieeT wianyio 
aAre3HK) k TepiwonnacTHMHOiviy nonwviepHOMy n/iaTepwany, to pacnnaB nonwiwepa 
CKOJib3MT BAonb Taraii noBepxHOCTM. CKonbweHwe oAHoro wiaTepuiana BAonb APyroro 
npowcxoAUT b pe3ynbTaTe ynpyrow Aec^opwiaqMM noBepxHOCTHoro cnoa MaTepwanoB i/i 

is nepMOAMMecKwx cabhtob BAonb noBepxHOCTM KOHTatcra b pe3ynbTaTe 
pacnpocTpaHeHwa TpemwH CABura. CKopocTb cKonbweHMfl cooTBeTCTByex cywiMe 
cABuroB 3a eAUHviuy BpewieHn. CKonbweHMe pacnnaBa noriMMepHoro wiaTepnana 
BAonb noBepxHOCTM ywieHbiuaeT pacTfl>KeHi/ie nosepxHocTHoro cnoa npoAyicra Ha 
BbixoAe M3 MyHAUJTyKa. OAHaKO n b otom cnynae Ha 6onee bhcormx cKopocTax 

20 npowcxoAMT APo6neHne pacnnaBa, ecnn aivinni/rryAa CABuroB Beni/ma i/i ni/iKOBbie 
3HaMem/ifl Harpy3KM npi/i pacTH>KeHi/in noBepxHOCTHoro cnoa npoAyicra npeBbituaeT 
npoMHocTb waTepnana. finn ysenmeHm QesAecfteKTHofi ckopoctm 3KCTpy3MH 
HeoSxoAMMo yweHbiuMTb awinnwTyAy CABuroB pacnnaBa BAonb cienm m yBeni/mviTb 
MacrroTy 3tmx CABuroB, MTo6bi ywieHbLUMTb nwKOBbie 3HaMeHWfl Harpy3KM npw 

25 pacTO>KeHMM b noBepXHOCTHOM cnoe npoAyicra. riocKonbKy TpemwHbi cABwra 
pacnpocTpaH^iOTC^ BAonb noBepxHoc™ KOHTaKTa, to TonmwHa ynpyroro noicpbiTvia He 
TaK Ba>KHa, kbk pjima ynpyroro noKpbm/ifl Ha noBepxHOCTM. Ynpyroe noKpbiTue He 
TepaeT cbomx cbomctb, T.e, Mo>KeT o6paTMMO AecfDopwinpoBaTbc^ BnnoTb ao TonmnHbi, 
conocTaBMMow c f\n\AHoih n/ionexynbi anacTOMepa. Xota ynpyryio AecpopwaMHK) Tanoro 

30 TOHKoro cnoa Mpe3Bbma£iHO TpyAHO H3wiepwTb, npi/ipoAa ynpyrux cbomctb noKpbrn/ia 
KanecTBeHHo He t/i3MeHaeTca Ha yKa3aHHbix wiaciUTa6ax. 
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Ha #i/ir.2 npeACTasneHO M3WieHeHne ynpyroro n Ba3Koro MOAyna G\ G" c 
MacTorow B03fleMCTBM« f Ana HeBynKaHM3npoBaHHoro cjnopwpoBaHHoro anacTOMepa 
"Viton® FreeFlow™ SC-PW", KOTopbM mw ncnonb30Bann b npuwiepe 1 Ana 
ysenmemn ckopocth 6e3flecf)eKTHOM 3Kcrpy3Mn. TaKow wtaTepwan oSnaAaeT Manofi 

5 aflre3new k pacnnaBy nonwsTuneHa, ho yBexwMeHwe MaKcwwanbHow ckopoctm 
6e3fle4)eKTHOM 3Kcrpy3iM npw Mcnonb30BaHMW 3Toro wiaTepnana Ana noKpbiTi/ia 
HeseriMKO, t.k. Ha Macrcrre noaBJieHi/ia fxetjpeKros (20 Tli) cooTHOLueHne wie>KAy 
ynpyrnwi MOAynewi n ba3kmm MOAynewi G7G" < K 2 . H3BecTHO, mto npwMeHeHwe 
AoSaBOK HeBynKaHM3wpoBaHHoro cfrroptipoBaHHoro anacTOMepa Dynamar Ana 

io yBenmenm ckopoctm 6e3AecfieKTHOM 3KCTpy3MM 6onee acjHjDeKTWBHO, Meiw 
wcnoJib30BaHMe Ao6aBOK Viton [1]. Ha <£i/ir.3 npeAcraBneHo W3MeHeHwe ynpyroro w 
BH3Koro MOAyna G\ G" c MacTOTOM B03AeMCTBwa f Ana HeBynKaHM3MpoBaHHoro 
4)TopwpoBaHHoro anacroMepa Dynamar. V\z rpacjwKOB bwaho, mto OTHoweHi/ie 
ynpyroro MOAyna k Ba3KOMy MOAynio Ha xapaicrepHOM MacroTe noaBneHwa Ae#eKT0B 

is Ana SToro wiaTepwana Qonbwe Mewi Ana waTepnana Viton ( G7G" > K 2 ), OAHaKo He 
BbinonHaeTca ycnoBwe (G7G") 0 > KL. 

Heo>KMAaHHo Mbi o6Hapy>KMnM, mto npw BbinoriHeHMM 0601/ixycnoBww: 
G7G" > K 2 h (G7G") 0 > KL Ana waTepi/ina noKpbiTi/ia, MaKci/iwianbHaa cKopocrb 
6e3Aec})eKTHOM 3KCTpy3nn 3HaMvrrenbHO yBenMMHBaeTca no cpaBHennfo c 

20 TeXHMMeCKMMM peweHlrfaMM, H3BeCTHb!MM M3 ypOBHa TeXHMKM. 

TepMMHbi "pesMHa", u ynpyrm MaTepwan" m "axiacTi/iMHbiw MaTepwan" b 
TexHMMecKow nvrrepaType - CHHOHWMbi. OAHaKo Ha npaicrviKe pe3HHOM (anacTowiepoM) 
Ha3biBaiOT He TOJibKo TaKoti wiaTepnan, KOTOpbiw y>Ke o6naflaeT ynpyn/iMw 
(3/iacTMMHbiMw) CBoftcTBaMii, ho m TaKOM, KOTopbiM MOweT npwo6peTaTb ynpyrwe 
25 CBOMCTBa b pe3yjibTaTe xwviWMecKOw n/wni/i TennoBow o6pa6oTKW. floaTOWiy cneAyeT 
pa3nnMaTb Cbipyw pe3MHy (naTeKc, cbipofi anacTOMep), He wwieiomyio CBa3ew Me>KAy 
MoneKynawiM, KOTopaa aBnaeTca n/iacTHMecKMivi MaTepwanoM, w co6cTBeHHO pe3WHy 
(ynpyrwifi anacroiuep), KOTopaa i/iwieeT CBa3H wie>KAy MoneKynawu/i. 3ti/i CBa3H MoryT 

6blTb KOBaJieHTHbiMH, BOAOpOAHblMl/l, MOHHblMW M Cj3l/l3WMeCKl/IMW. KOBa/ieHTHbie CBa3M 

30 coeAMHaroT aTOMbi, KOTppwe MMekrr o6aine aneicrpoHbi. BynKaHM3MpoBaHHbiM 
anacTowiep, b kotopom wie>KAy wioneKynaMM ecTb KOBaneHTHbie CBa3i/i, He nnaBMTca 
npw HarpeBe, xots M3MeHaeT cboh ynpyrwe cBoficTBa. Ero mo>kho paccwiaTpMBaTb KaK 
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OflHy MoneKyny c oMenb 6onbwwM MoneKynapHbiM Be com w cjio>khom TpexwiepHow 
CTpyicrypoM. ByjiKaHH3npoBaHHbiw anacTowep nonyMawT XMMMMecKOM w/wim TennoBoCi 
o6pa6oTKOM cwporo anacTOMepa. HanpwMep, Cbipow anacTowep cMeuJWBaKrr co 
CLUHBaromnMH areHTaMM m KaTarw3aTOpaMi/i npouecca BynKaHM3aqMM 1/1 HarpeBaiOT. 

l/Icnonb3yeMy»o Ha npaKTMKe TepMi/iHonorwio ocno>KH^eT tot cjDaicr, mto Ha 
npaicrnKe ByjnKaHM3npoBaHHbiM 3JiacTOMepoM MfiM pe3MHofi Ha3biBaioT He TonbKO caw 
anacTowiep, ho m cMecb anacTowiepa c HanonHMTermwiw, aHTwoKCMflaHTaMi/i , wiac/iawiM, 
m T.fl. nosTowiy TepMMH K BynKaHM3MpoBaHHbiii anacTOMep" cooTBeTCTByeT TepwiwHy 
"pe3MHa n ? noflpa3yMeBan ? mto oh b o6meM cnynae wwieeT cnowHyio KOMno3HL4M»o. Ha 
4)nr.4 t/i cfci/ir.5 rpacjDMMecKW npeACTaBneHO M3wieHeHMe ynpyroro w B*3Koro MOflynn c 

MaCTOTOM B03fleMCTBMfl RT\n BynKaHM31/lpOBaHHblX CMJll/IKOHOBblX onacTOMepoB. Bmaho, 

mto fln^ BynKaHM3MpoBaHHbix anacTOMepoB G7G"> K 2 w (G7G") 0 > KL. noaTon/iy 
BynKaHM3wpoBaHHbie snaoroMepbi wioryr acfx^eicrMBHO npi/iwteHflTbca b KanecTBe 
wiaTepwana fln« ynpyroro noKpbi™*, hto npoASMOHCTpi/ipoBaHo b npi/iwiepax 
peanM3aqwM npeAnaraewioro TexHunecKoro peineHna. 

3nacT0Mep, b kotopom nonwviepHbie uenn coeAWHeHbi cBfl3flMi/i, 6onee 
cna6biMM no cpaBHeHMK) c KOBaneHTHbiwin cBfl3HMM, pa3M5irMaeTCfl npn HarpeBe i/i 
Ha3biBaeTca TepMonnacTMMHbi m a/iacTowiepoM. Ha (ftwr.6 i/i 4>i/ir.7 rpacjDMHecKM 
npeACTaBneHO M3MeHeHwe ynpyroro m B*3Koro MOAyna c MacTOToii bo3a^mctbi/iji a^ 
TepMonnacTMMHbix ci/ini/iKOHOBbix ajiacTOMepoB TT13-120 w Tn3-80 npou3BOACTBa 
KOMnaHMi/i Wacker npn 165°C. 3tm ajiacTowiepbi pa3MflrMaK)TCfl npn TewmepaType 
HWKe TeMnepaTypbi cjDopMOBaHWfl. Bhaho, mto f\nn stmx TepMonnacTMMHbix 
3/iacTOMepoB BbinonHaioTCfl ycnosm G7G"> K 2 w (G7G") 0 > KL, T.e. ohm MoryT 6biTb 
wcnojib30BaHbi ahh HaHeceHMji ynpyroro noKpbrri/ifl. Ha dpwr.3 npeACTaBneHO 
M3wieHeHne oTHomeHWfl ynpyroro MOAyifl k Bfl3Kowy MOAynK) Arm nonn3Ti/meHa i/i p*Aa 
anacTOMepoB. 

flna nepepa6oTKn m cfropMOBaHvm yi<a3aHHbix TepMonnacri/iMHbix noni/iwiepHbix 
wiaTepwanoB vicnonb3yeTCfl o6opyAOBaHi/ie, npei/iwiymecTBeHHO n3roTOBneHHoe m 
wieTanna, Hanpwwep, MyHAWTyKW, cfwnbepbi, Tpy6bi t Kopnyca i/i buhtw 3KCTpyAepoB. 
06biMHO ncnorib3yeMbie MeTannbi BKnroMaioT nHCTpyweHTajibHyK) h nernpoBaHHyjo 
CTarib, HepwaBeiomyio CTanb, 6poH3y, ivieAb, HMKerib. flononHi/rrenbHo, noBepxHOCTi/i 
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wieTannoB wioryT wvieTb noKpbiTi/ia Rnn ywieHbujeHMfl a6pa3MBHoro n3HOca n Koppo3MM, 
Hanpuwiep, ranbBaHwnecKne noKpbnwi m xpowia, nnaTi/iHbi v\ poAWfl. 

MoneKynw ynpyroro noKpbiTwa Moryr npuKpennaTbca k noBepxHoc™ 
nocpeflCTBOM KOBaneHTHbix, BOAopoAHbix vi woHHbix CBH3ePi. B cjiysae, ecni/i 
MOJieKynbi 3/iacTOMepoB, oca>KfleHHbie Ha noBepxHOCTb, CBA3aHbi c noBepxHocrbio 
TOJibKO cna6biMM cunaMM MewMoneKynapHoro npwrflweHua (BaH-flep-BaanbcoBbi 

CMJlbl), TO HeJ1b3fl TOBOpWTb O nOKpblTMM, a TOJibKO O nOflBHWHOM CXlOe CM83KM Ha 

noBepxHoc™, TaK KaK noA B03AewcTBneM ABM>KeHi/m pacnnaBa noni/iMepHoro 
MaTepnana npowcxoAUT nepeABMweHi/ie MoneKyn BAonb noBepxHoc™, T.e. wiajepMan 
AecfcopwiMpyeTC* njiacTMMecKM (TeneT BAonb noBepxHocrw). Moneicynbi 
TepMonnacTMMHbix anacTOwiepoB cBfl3biBaK)TCfl c noBepxHOCTbK) nocpeACTBOM 
npoHHbix BOAopoAHbix mjim noHHbix cBfl3ew. B npeAene tohkmx cnoeB 
TepMonjiacTOHHbiM s/iacTOiwep o6pa3yeT ynpyroe noKpbnrwe, cxo>Kee no fymwecmu 

CBOMCTBaM C TOHKMM CJlOeM ByJlKaHH3MpOBaHHOM pe3MHbl. ["lOSTOMy 3TI/I ajiacTowiepbi 

wioryT acfcxfteKTMBHO npuwieH^Tbc^ b KanecTBe MaTepwa/ta ynpyroro noKpbrritfl, mto 
i/i npoAewiOHCTpupoBaHO b npuiuepax peann3aunn npeAnaraewioro TexHi/mecKoro 
peweHi/m. 

TepMonnacTMHHbie snacTowiepbi, npno6peTaK)iAMe npn HarpeBe cnoco6HocTb k 
nnacTMMecKOM pjedpopMauyiw, pa3Aen*K)TCH no CBoewiy CTpoeHWK) Ha A^a Knacca: 6jiok 
cono/iMMepbi (c boaopoahow i/inw dpmmecKow CBfl3bK) wie>KAy wioneicyjiaMw) m 

MOHOMepbl. 

BoAOpOAHbie cba3i/i - 3to npirroKeHfie aTowia BOAopoAa, KOTopbiCi CBfl3aH c 
3/ieKTpooTpni4aTenbHbiM aTOMOM b oahom wioneKyne k sneKTpooTpwuaTertbHbiM 
aTOWiawi b APyrow wioneKyne. HoHHbie cba3H B03HHKaroT H3-3a npwTfl>KeHHfl nonapHbix 
noHHbix rpynn pa3Hbix MoneKyji. Qmmecme cba3H - 3T0 CBH3M, B03HWKaK)LHi/ie wie>KAy 
MoneKynawin M3-3a pa3AeneHi/ia cerwieHTOB MoneKyn 6jiok- conojiHwiepoB b 06-bewie. 

B npocTOM cononMMepe MOHOMepbl AByx TiinoB nepewieiuaHbi b 6ecnopaAKe 
hum MepeAyiOTC^. B 6noK-conojiMMepe MOHOMepbl oAHoro Tuna coeAMHeHbi b 
AnwHHyKD uenoMKy, a qenoHKw AByx v\nw 6onee MOHor/iepoB coeA^HeHbi KOHuawm. 
CononnMepbi MoryT npoaBnaTb cosepiueHHO pa3Hbie cBotiCTBa npw tom >Ke 

XMMMHeCKOM COCTaBe, HO pa3HOM B3aHMHOM pacnonO>KeHHM MOHOMepOB. Bjiok- 

cononMMepbi c ABywifl 6noKaMi4 npwMeHHKrrcfl KaK noBepXHOCTHO-aicn/iBHbie BeiqecTBa 
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/yw npw-oTOBneHi/w cycneH3Mfi m awryjibCMfi. Conoriwwiepbi c Tpewia (mjim 6onbiije) 
6noKawiw ripen wiymec-reeHHO npnwieHaioTca ksk TepwionnacrnMHbie ajiacrowiepbi (Tn3, 
TepMonnacTMHHbie pe3WHbi). Ohm coAepwaT "weenie" cerwieHTbi c TewinepaTypoii 
crreKnoBaHMfi Bbiwe KowiHaTHoii TewinepaTypbi n "wiflrwie" cerwieHTbi c TewinepaTypow 
CTeicnoBaHMfi 3HaHWTenbHO wieHbiue komh3thom. C ooTBeTCTBe h h o , 6jiok- cononwwiepbi 
xapaKTepid3yK)TCfl flBywia 3HaHeHMHwiw TewinepaTypbi CTeKnoBaHMfl. B tbkmx ci/icrewiax 
wecTKwe cerwieHTbi rpynnwpyioTCfl Bwieore n o6pa3yioT WHAMBMAyanbHbie wiwKpocpa3bi 
b cpeAe MflrKwx cerwieHTOB, noAoSHbie wivmennawi b awiynbci/mx. CoeAMHeHne >KecTKi/ix 
cerwieHTOB b wiw<pocpa3y pa6oTaeT kbk dpmmecKaa CBH3b a^ wiarKMX cerwieHTOB 
nojinwiepHoii upnvi w o6ecneHMBaeT ynpyrocTb wiaTepwana. Ha noBbiweHHbix 
TewinepaTypax wii/iKpocpa3bi >Kec™x cerwieHTOB pa3wiarsaioTCH, mto no3BOJiaeT 
nepepa6aTbiBaTb Tepwionnacri/iMHbM anacrowiep noAo6HO o6biMHOwiy Tepwionnacry. 
OAHaKO npn He6onbWowi npeBbiweHMH TewinepaTypbi creioioBaHMn wecTKi/ix 
cerwieHTOB, wecTKwe cerwieHTbi yAepwvmaioTCfl BWiecTe w3-3a HecoBwiecTwwiocTM c 
wiflrKMMM cerwieHTawin, mto yBenwMMBaeT OTHOweHwe ynpyroro wioAyna k B*3Kowiy 
wioAynw An* TT13 no cpaBHeHi/iio c ocranbHbiwiw nonwwiepawm. npi/i AanbHefiiijewi 
noBbiuieHi/ii/i TewinepaTypbi wii/iuennbi pacnaAaioTCH. Bjiok cononwwiepbi c mmcjiowi 
6noKowi 6o/iee Asyx wioryT nwieTb xiMHeftHyio CTpyioypy mjim CTpyicrypy rpacpT- 
cononwwiepa, KorAa k R/mn<owiy nonwwiepy npi/iBMTbi weenie cerwieHTbi. Xopoiuo 
M3BecTHbi npnwiepbi Tpw-6noK cononwwiepoB: 

- 7TI3-C - 6noK-cononnwiepbi Ha ocHOBe cn/ipona: cTMpon-6yTaAweH-cTMpon 
(SBS), cTMpon-M3onpeH-CTwpon (SIS), m c™pon-3TwneH-6yTaAneH-CTMpoji (SEBS), 
-TTIS-E - 6roK-cononnwiepbi wecTKnx w wiarKtix nonneqbupoB, 
-TnS-A - 6noK-cononnwiepbi xecrKoro nonnawiMAa i» wiarKoro wiHoroaTOMHoro 
cnnpTa (nonnonn). 

TepwionnacTMHHbie a/iacrowiepbi co CTpyioypoM nwHeiiHbix Tpw-onoK 
cononnwiepoB KowiwiepMecKM AOCTynHbi noA AecaTKawm ToproBbix HawwieHOBaHi/iii, 
Hanpwwiep VECTOR® (cm. httD://www.dexcopolvmers -com/Drodsheets/vector 41 11 . 
pdf), Styroflex® (cm htt p //wvw.basf.de/basf/html/plastics /enalisch/paqes/styrol/ 
stvrofle.htm) , KRATON® (cwi. http://www.kraton.com/), Evoprene® (cwi. 
httD://www.alphaaarv.com/rriarkets/consurner.htm l#evoprene) i/i t.A- 
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rionnypeTaHOBbie 6jiOK-conoxiHMepbi Taione coctoat m "ivmrKWx" cerwieHTOB c 
HM3KOM reivinepaTypofi CTeKfiOBaHwa m "wecTKMx" cerwieHTOB, KOTopwe wwieKrr 
TeMnepaTypy CTeKnoBaHwa HaiviHoro Bbiiue KowmaTHow TewmepaTypw. Manage 
cerweHTbi - 3T0 o6wmho nonwactwp- win nonnacfDnp-flwon c wioneKynflpHbiwi BecoM ot 
5 500 flo 5000 a.e., npewwiymecTBeHHO ot 1000 flo 2000 a.e. >KecTKMe cerMeHTbi 
o6biMHO BKnioMajoT apowiaTMMecKHw wrm anncjDaTMMecKUM Anw30MnaHaT b coeflMHem/iM 
c HM3KOMoneKynflpHbiiV! AKoneM wnn fluawiMHOM. Kowi6nHamiH stwx "Mflnuix" w 
">k6ctkmx" cerwieHTOB o6pa3yeT 6noK conormwiep Tvina (AB) m rfle n>1. BoJibiuviHCTBO 
nojiMwiepoB TepMOAHHawimecKw HecoBwiecTMwio w i/ix cwiecii pa3Aenf?K)TCfl. flawe ecnw 

10 nonnMepbi flBnaioTca nacTbio oflHofi MoneKynbi - enoK-cononi/iMepa, ohm iworyT 
pa3flen5iTbcy? b o6*bewie. nonnypeTaHbi npoflBnaiOT AByx$a3Hyio o6-bewiHyK) 
MUKpocTpyKTypy i/i3-3a xi/iwii/mecKoi/i HecoswiecTHwiocTM wie>KAy wmra/iwrn h TBepAbiwin 
cerMeHTaMM. B cnynae nonnypeTaHOB wecTKwe cerwieHTbi o&bQflyi ha k>tca b 
nonyKpHCTarmi/iMecKi/ie AowieHbi, a wmraie cerwieHTbi cfropwiMpyioT awiopcjDHyio wiaTpi/iuy 

15 BOKpyr. 06-beAHHeHwe wecTKwx cerwieHTOB b MHKpocf)a3y o6ecneMMBaeT 4)M3WMecKyK> 
CB^3b wie>KAy MoneKynawin. nowii/iwio <jpmmecKov\ cba3w wie>KAy MoneKynawiw 
nonnypeTaHbi wwieioT ci/uibHbie BOAopoAHbie cbh3m. CBOwcTBa nonwypeTaHOBbix 
anacTowiepoB n mx xwMMMecKa* CTpyicrypa noApoSHo pacKpbiTbi b TexHMMecKOM 
nuTepaType (cm. A. Noshay, J. E. McGrath, Block Copolymers: Overview and Critical 

20 Survey, Academic Press, New York, 1977; G. Oertel, Ed„ Polyurethane Handbook, 
2nd Edit., Hanser, New York, 1993). 

B oTJiMMne ot 3tmx n3BecTHbix npi/iwieHeHufi 6jioK-cononuiMepoB b KaMecrae 
Ao6aBOK fl/ifl M3roTOBneHMfl yAaponpoqHbix KOMno3MMwfi, Hanpwwep ppn 
M3roTOBneHM5i yAaponpoMHoro nonncTwpona, b npeA/iaraewiowi TexHi/inecKowi peiueHMM 

25 npeAnosTHTeribHO, hto6w KaK wecroie, TaK m Mflncne cerwieHTbi MoneKyn 6jiok- 
cononniviepoB xapaKTepM30Banwcb iwanow aAre3new k nonwviepHowiy MaTepna/iy. flnn 
wmroix cerwieHTOB 6riOK- cononi/iwiepoB wianyio aAre3MK) k noni/ionectDWHawi wwieiOT 
cunoKcaHbi v\ (Jrropi/ipoBaHHbie yrneBOAopoAbi. CunoKcaHbi coAep>KaT Asa wni/i 6onee 

aTOMOB KpeMHMfl, CBH3aHHblX nOCpeACTBOM OAHOrO MJ1M HeCKOJIbKMX aTOMOB 

30 KMcnopoAa. KoMiviepMecKn AocTynHbi w Han6onee AeweBbi normci/moKcaHbi co 
CTpyicrypoM nojiMAHwieTMncwjioKcaHOB, nonnAM$eHMncn/ioKcaHOB, nonwwieTun- 
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cfceHMncwnoKcaHOB, Hanpwwiep npoAyKTbi nofl ToproBofi MapKofi SILRES® ot ctwpivibi 
Wacker (cm. http://www.wacker.com/intemet/webcache/en US/PTM/TM/SILRES/RTV/ 
SILRES MSEIOO.odf) . 

nonMMeTMn4)eHnncMnoKcaH w noni/iAwvieTWJici/moKcaH wweiOT oneHb rw6KyK> 
5 ("MflrKyK)") Monexyji^pHyK) uenb, t.k. coceAHwe cbs3m Me>Kfly aroMam KpeMHwa m 
KincnopoAa Moiyr noAo6HO HOKHwuawi i/i3MeHATb yron Me>KAy hi/imi/i. 3th normwiepbi 
xapaKTepvi3y»OTCfl Mpe3BbHawHo hm3kom TeMnepaTypofi CTeKnoBaHi/ifl (-86°C m -123°C, 
co OTBeTCTBe h ho). rioriMAMcfDeHi/incMnoKcaH aHanorwMHO nonwcTwpony MMeeT 
"^ecTKyK)" CTpyicrypy uenw, TewinepaTypy CTeicnoBaHHa Bbiwe KOMHaTHOw (49°C) h 

io o6ecneMMBaeT 4)M3MMecKyio CBH3b Me>KAy no/iMMepHbiMM uenaMH. TepMonnacTMMHbie 
pe3MHbi Ha ocHOBe 6noK cononi/iMepoB, Hanpwwiep tpm-6jiok cononwMep co 
cTpyKTypow ABA, rAe A - noflWAMcfreHMJicwnoKcaH, B - nonMAMMeTMncwnoKcaH, MoryT 
6biTb noJiyneHbi aHanornMHo (cm. naTeHT CUJA Ns 3,337,497), i/icnonb3ya Ki/iHeTwnecKM 
KOHTpojiMpyewiyto nonnMepM3ai4MK). BnoK cononHwiepbi Ha ocHOBe nonwcvinoKcaHOB co 

15 CTpyicrypoSi ABA i/i (AB) n , rAe n > 1, ynowiaHyTbi b naTeHTe CUJA Ns 5,624,754. 
H3BecTHbi TepwionnacTMMHbie anacTOWiepbi, BKnioMaiomi/ie nonw am Memnci/inoKcaH m 
KecTKwe opraHMMecKwe cenvieHTbi. Mopcfrojiorw* m MexaHHwecKwe cBOMCTBa 
cononwMepoB Tuna ABA i/i (AB) n , rAe A - nonncTi/ipon, B - noni/iAMwieTMnci/inoKcaH, 
n>1, 6binw BnepBbie M3yneHbi b Hasane 80-x toaob b pa6oTax P. Bajaj, S. K. 

20 Varshney, A. Misra, J. Poiym. Sci. Polym. Chem. Ed., 1980, 18, 295 u S. K. Varshney, 
C. L. Beatty, Org. Coat. Plast. Chem. Proa, 1981, 45, 152). Mop<£ojion/m w 
MexaHMMecKwe CBoficTBa 6jiok cononi/iMepoB nonnAHMe™^cwnoKcaHOB c 
nonuypeTaHaMM i/i c MOMeBWHofi 6binn i/i3yneHbi b pa6oTax I. Yilgoer, G. L Wilkes, J. E. 
McGrath, Polym. Prep., 1983, 24(2), 80; I. Yilgoer, A. K. Shaaban, W. P. Steckle, Jr. D. 

25 Tyagi, G. L. Wilkes, J. E. McGrath, Polymer, 1984, 25, 1800 w D. Tyagi, I. Yilgoer, J. E. 
McGrath, G. L Wilkes, Polymer, 1984, 25, 1087. l"loKa3aHO, hto b o6*beivie 3TMX 
TepMonnacTMMHbix nonuiMepoB npoi/icxoAtrr Mi/iKpo<£a3Hoe pa3AeneHi/te, mto 
o6ecneHMBaeT ynpyrwe cbomctb3 MaTepwana. TepMonnacri/iHHbie anacTOMepw Ha 
ocHOBe 3Ti/ix 6jiok cononwMepoB wwieraT HawiHoro nymin/ie MexaHi/mecKwe CBOficTBa no 

30 CpaBHeHMK) C 06blHHblMI/l CUfiUKOHOBblMW pe3l/!H3MM. MHOrOMWCJieHHbie npMMepb! 

TepMonnacrnMHb/x 6/iok cono/inwepoB Ha ocHOBe cwnoKcaHOB, CTupona m ero 
npoM3BOAHbix npeACTaBneHbi b naTeHTax CLUA NqNq 5,597,651, 5,665,822. 
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Mopdponomn m CBoficTBa ajiacroiviepoB Ha ocHOBe 6noK-conorwMepoB 
nonwANMeTMncwnoKcaHa c nonwypeTaHaMM h mom6bmhom 6bmn fleTa/ibHO M3yMeHbi b 
pa6oTe (cm . http://schQlar.lib.vt.edu/theses/available/etd-72698-13572/unrestricted/ 
Disswhl2.pdf) . Crpyicrypa w cbomctbs 6jiok cononvmepoB cwnoKcaHOB w 
5 nonwypeTaHOB M3no>KeHa b naTem-ax CL1JA NsNq 3,562,352, 6,291,587, 6,627,724. 
Mopcfeonora* HeKOTopbix flpyrux 6/ioK-cononwviepoB norwAWMe™iicvmoKcaHa 
AOCTaTOMHo M3yMeHa (cm. http://scholar.lib.vt.edu/theses/available/etd- 
38391 1 142975720/unrestricted/etd.pdfi . 

l/lcnojnb30BaHi/ie c KaMecTBe flo6aBOK TepMonnacTMMHbix anacTowepoB c 

10 XMWIMHeCKOM CTpyKTypOM 6/10K COnOJIMMepOB M3 >KeCTKMX HOJlMMepOB (A) M MflrKHX 

nonwiviepoB (B), rfle wecTKwe no/iwiviepbi xapaKTepi/!3yK)TCfl TewinepaTypow 
CTeioioBaHMfl Bbime KOMHaTHOM, ho Hwwe Tewineparypbi 4)opMOBaHHH yKa3aHHbix 
nojiwonecfMHOB, no3BonaeT HaHoci/iTb ynpyroe noKpbiTMe oca>KfleHneM flo6aBOK, t.k. 
npw reivinepaType <$opMOBaHi/ifl TaKMe 3JiacTowiepbi cnoco6Hbi k nnacTi/mecKow 

15 Aec|)opMai4HM. Mcnonb30BaHne b 6noK-cononi4Mepax MarKi/ix ajiacrowiepoB c 
TewnepaTypow CTeicnoBaHUfl Hwwe KOMHaTHOM ynymuaeT ynpyrne cBoficTBa noKpbrrvm. 

Hcnonb30BaHMe nnHeiiHbix 6xiok cononmviepoB A(BA) n , rAe n>0, hjih (BA) m , we 
m>1, uni/i rpa<t>T-cononwMepoB, KorAa k wiarKowiy nonwwiepy npMBWTbi, no KpaiiHeCt 
Mepe, ABa 6okobwx cerMemra wecTKi/ix nojii/iwiepoB, ynymuaeT ynpyrwe CBOwcrBa 

20 noKpbiTMH w yBenuMMBaeT 6e3Ae0eKTHyK) CKopocTb 3KCTpy3ww. npenMymecTBeHHO, 
Ann HaHeceHMa ynpyrwx noKpbiTHM cneAyeT Mcnonb30BaTb TepMonnacnmHbie 
anacTowiepbi c TewinepaTypow CTetcnoBaHUH wecraix cerweHTOB Bbiiue TewnepaTypbi 
njiaBJieHMJi nonwMepHoro wiaTepi/iana, TaK KaK oTHoiueHi/ie ynpyroro MOAyna k Bfl3KOMy 
MOAyJiK) B03pacTaeT c ywieHbLueHweM pa3Hi/iqbi iwe>KAy TewmepaTypoPi CTeKriOBaHMfl 

25 Ao6aBOK m TeivinepaTypoii cfcopMOBaHwa. OTHomeHMe ynpyroro Mopyna k Bfl3KOMy 
MOAynio B03pacTaeT TaioKe npn ncnonb30BaHnn b KaMecTBe Mfln<nx cerwieHTOB 
nojiwMepoB c Ten/inepaTypoti cTeKnoBaHMfl HaMHoro MeHbiue KOMHaTHOw 
TeMnepaTypbi. 3HaMeHwa TewmepaTypbi creKnoBaHi/ia nna HeKOTopbix nonwwtepoB 
npuBeA^HO A*™ cpaBHeHwa b Ta6n.1. 

30 
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Ta6nMLta 1 




TeMneoaTVoa cTeknoBaHMfl 

■ w l VI l l vk/U 1 V IJr vt w 1 w IVJ 1 W U 1 I rl/l 


1 IUJ moLpupuyj ibLpun 


190°C 


nrtni<Dii(Lii/inni/frtnrinMnnu 
nOJlwBl/lnMiiniip(JUj m/Jlun 


160°C 


nOJIUKdpUOnd 1 UlflULJJcnwJ la rv 


150°C 


1 IUJ 11/iiVic I vij IMc 1 ciKpiai la i 


120°C 


rtnriMPTMnnn 


1Q0°C 

1 WW w 


nnni/iTPTnarhTOD3TMneH 

1 IUJ 1 Ir 1 ICI wavU 1 W W yJ I vu 1 w 1 i 


-73°C 


nonwMeTwncf)eH!/mcnnoKcaH 


-86°C 


nonwAMweTMncunoKcaH 


-123°C 



Hcnonb30BaHne b KanecTBe wecTKMX cerMeHTOB nonnwepoB m cnepytomeih 
rpynnbi: nonnacjDupcyribctDOH, nonMBi/iHi/mnMpponwAOH, nonnweTM/iMeTaKpniiaT, 

5 noxiwcTupon, wecTKww no/iMWMMfl, noni/iypeTaH, no3BonfleT yBeni/NMTb aflre3MK) 
noKpbiTi/ia k wieTannawi w ynpyrwe cBofiCTBa noKpbiTMM, T.e, yMeHbiiiWTb M3HOC 
noKpbiTMH n yBenwMMTb cKopocTb 6e3Aec|)eKTHOM 3KCTpy3i/ii/i. Mcnonb30BaHwe b 
KaMecTBe Maroix nonwiviepoB nonnwepoB m cneflyioaieii rpynnbi: 
no/iMflUMeTMncunoKcaH, noriMMeTMnc^eHMJicMnoKcaH, nonnTeTpac^TopaTMneH, 

10 $TopwpoBaHHbM noni/isTi/meH, Mar-we cononnMepbi ({uopi/ipoBaHHbix nonmne^mos 
o cooTHOtiieHi/ieM aTOMOB cfcrropa k aTOwiawi ymepoAa He wieHee 1:2, no3BormeT 
ywieHbiiiuiTb aAre3MK) ynpyroro noKpfarraa k pacn/iaBy nojii/ioriecfwHOB, T.e. yBeni/iMWTb 

CKOpOCTb 6e3Ae4DeKTHOM 3KCTpy3MM. 

MHOP/ie COpTa pe3HHbl C KOBaneHTHblMM CBfl3flMVJ WW BynKaHM3MpOBaHHbie 

is sxiacTOiViepbi Tepfltcrr cboi/i ynpyrwe cBoficTBa npu Harpese, cTaHOBfrrcfl nunKuwin w 
pa3naraKrrc* npn TeiunepaType 180 - 200°C, xapaiaepHOM Ana nepepa6o™ 
nojiwwiepHbix MaTepwanoB 3KCTpy3!/ieCi. CpeAM coptob BynKaHM3MpoBaHHbix 
anacTOMepoB (pe3HHbi), coxpaHJWUjMX ynpyrocTb npn TewmepaType cjx)pMOBaHi/ia 
TepwionjiacTMMHbix nonnMepHbix wiaTepi/ianoB, mo>kho BbiAenttTb aae Han6o/iee 

20 cTOMKne k Harpesy m snacTMHHbie npw TewinepaType cftopMOBaHwa TepMonnacTi/iHHoro 
wiaTepwana rpynnbi: 

• cfcTopwpoBaHHafl pe3HHa, T.e. pe3WHa, nonyMeHHaa BynKaHM3ai4iieii 
cjrropupoBaHHbix snacTOMepoB c MoneKynapHbiM secoivj He iweHee 10 000 npi/i 
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cooTHOuueHi/n/1 Hwciia aTOMOB cjrropa k aTOWiawi yrnepofla He MeHee 1:2, b 
MacTHOCTM, pe3MHa, nonyneHHa^ BynKaHi/133141/ieii noiiHOCTbK) c{)Topi/ipoBaHHbix 
snacTOMepoB, 

• cnjiMKOHOBaji pe3HHa, T.e. pe3MHa, nonyMeHHaa ByjiKaHM3aqneM cwni/woHOBbix 

5 3XiaCTOMepOB, M B HaCTHOCTM, CjDTOpl/ipOBaHHafl CH/WKOHOBafl pe3MHa, T.e. 

pe3MHa, nonyMeHHa^ BymaHM3ai4i/ieM 4rropnpoBaHHbix cuni/iKOHOBbix 
anacTowiepoB c cooTHOweHiieM KonwsecTBa aTOMOB cjrropa k aToiwaM ymepoAa 
He MeHee 1:2. 

TeptvwH "BynKaHM3aL\wf? pe3WHbr MoweT SbiTb onpeAeneH KaK peaioiMfl, b 
io KOTopofi wiaTepMan npwo6peTaeT cnocoSHOCTb k o6paTMMOM ^edpop^aum noA 
AewcTBueM MHoroKpaTHOM Harpy3KW b pe3ynbTaTe o6pa30BaHi/m KOBaneHTHbix CBfraeft 
iwe>KAy MoneKynawiw. CymecTByeT Tpn ochobhwx MexaHH3Wia ByjiKaHM3aqMM 

CWlMKOHOBblX SJiaCTOWiepOB, <£TOpMpOBaHHblX 3JiaCTOMepOB, ct)TopwpoBaHHbix 
sjiacTowepoB, MOAUcfwuiwpoBaHHbix cunaHOM, m conoriMMepoB <$TOpirfpOBaHHblX 
15 nonwuepoB c cwiaHOM: 

• CBo6oAHo-paAHKanbHbiM MexaHM3M, 

• nonnKOHAeHcaLitiH, 

• rMflpocMJiwpoBaHMe. 

ByjiKaHM3aqi/ifl cfrropiipoBaHHbix anacTOMepoB v\ nonncwnoKcaHOB Mower 
20 nponcxoAMTb no CBo6oAHO-paAHKanbHOMy MexaHi/i3My npw HarpeBe b npwcyTCTBMM 
CLUMBaioinMX areHTOB, Hanpwiviep, npw TermoBOM pa3no>KeHMM opraHimecKi/ix 
nepoKcuflOB (cujMBawmux areHTOB). CymecTBytoT HecneuwcjDHMHbie h cneLinc})!/HHbie k 
bwhmji rpynne nepoKCHAbi. IlepoKCWAbi, cneui/icfrtmHbie k bmhmji- rpynne, 
o6ecnem/!BaK)T BynKaHM3auMK) onacTowiepoB, coAepwamHX bmhwjv rpynnbi. 
25 Orm/iManbHoe cooTHoweHwe we>KAy KO/ii/mecTBOM cbipwx sjiacTOMepoB w nepoKCWAOB 
M3BecTHO M3 TexHMHecKow m naTeHTHOw nwTepaTypbi. Cepbe3Hbm HeAOCTaTOK b 
wcnonb30BaHMM opraHUHecKwx nepoKci/iAOB aha BynKaHi/i3ai_tMM b tom, mto ohm MoryT 
npow3BOAHTb no^wiviepM3aMMJO He TonbKO anacTowiepa, ho m cawioro 
TepMonnacTMMHoro MaTepnana. 
30 riepoKCMAbi oiwpoKO wcnonb3yioTCfl TaioKe a^* MOAwc|)MKai4MM nonwonec^nHOB oprano- 

CfjyHKLlMOHanbHblMM CI/IJiaHaMH, HanpMMep BMHWJrrpi/IMeTOKCM- CMJiaHOM 
BMHWHTpHSTOKCM- CMfiaHOM. ripHCOeAWHeHMe OpraHO<£yHKUHOHaribHblX CMJTiaHOB c 
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nerKorMflpojiM3yewibiMM rpynnaMM k nonuMepHbiM MoneicynaM, Hanpuwiep MOJieKyxiaw 
cfcrropwpoBaHHbix anacTowiepoB wjim MoneKynawi nonwcunoKcaHOB, no3BonfleT 
npoBOflHTb BynKaHM3auMK) cbiporo a/iacTOMepa no peaiajKM nonnKOHfleHcaMMW, T.e. b 
npMcyTCTBMM napos BOflbi. XMMMHecKa^ KOMno3Mi4M^ wcnonb3yewibix B 
5 npoMbiiiineHHocTM nepoKcuflOB m cn/iaHOB w TexHonorwfl MOAUcfrfiKaui/iw nonwwiepoB 
CMiiaHaMM noApo6HO M3/io>KeHbi b paSoTe D. Munteanu, "Crosslinking and controlled 
Degradation of Polyolefins" (cm. KHwry Hanz Zweifel, Ed., Plastics Additives Handbook, 
5nd Edit., Hanser, Munich, 2001, 725-811). 

KoMno3HLtnM Ha ocHOBe cunoKcaHOB, MOAMctMMwpoBaHHbix cwnaHOM, wnw 

10 cononwMepoB ctinoKcaHOB w opraHO-cjDyHKLitioHanbHbix cwnaHOB, Macro wcnonb3yioTCfl 
b aAre3MBax, Byn Ka h M3 w py kd uju xca noA AewcTBuewi napoB BOflbi Ha B03Ayxe npw 
KOMHaTHOM TeMnepaType no peamm nonnKOHAeHcaqwi/i. flna Toro, MTo6bi 
npeAOTBpaTMTb BynKaHW3ai4Hio noA AewcTBueivi napoB boaw bo BpeMa xpaHeHi/ia, b 
cocTaBe TaKMX KOMno3Hi4Mfi AonoriHMTenbHo npwcyTCTBytoT nerKorMAponM3yeMbie 

is opraHO-4)yHKLiMOHanbHbie cwnaHbi c TeMnepaTypow KMnenufi b AMana30He 120 - 
160°C, Hanpi/iwiep TpuMeTOKCHCunminponaH. TaKi/ie roQb&kia pearwpyroT c boaow, 
npoHMKaiomePi b ynaKOBKy, w npeAOTBpamaroT BynKaHM3aunK) no/iniwepHbix MOJietcyn. 
Ha OTKpbiTOM B03Ayxe neryme cwiaHbi i/icnap*ioTCfl H3 KOMno3HMWM w nonnwiepbi 
BynKaHM3wpyK)TC«. nonynpoAyKTawin npoqecca clumbkm asnnwrca neiym/ie 

20 coeAMHeHMH, Hanpwwep, cnwpTbi, yKcycHaa KwcnoTa m awiMHbi. 

ByjiKaHM3auMfi 4>TopwpoBaHHbix anacTOiviepoB, MOAMcfMLiwpoBaHHbix opraHO- 
cjDyHKMMOHanbHbiMM cmanam, conoriMMepoB <t>TopnpoBaHHbix anacxroiviepoB w 
o p ra HO-c(Dy h K141/1 o h an b h bix cwnaHOB, cwnoKcaHOB, MOAwcjMLji/ipoBaHHbix oprano- 
c£yHKi4MOHanbHbiivM cnjiaHawiu i/i cononnwiepoB cwnoKcaHOB w opraHO- 

25 Cj)yHKI4MOHaJ1bHblX CHJiaHOB MO>KeT npOMCXOAHTb B npMCyTCTBMM napOB BOAbl v\ 

KaTanM3aTopa. TaKMe anacTowepbi mo>kho wcnonb30BaTb b KasecTBe 
OAHOKOWinoneHTHOM AoSaBKi/i. ByriKaHH3ai4M5i cwiecu nerKorwAponM3yeMbix cunaHOB m 
4)TopwpoBaHHbix anacToiviepoB c rwAPOKCiin rpynnawin wnw nonwcwJioKcaHOB c 
rwApoKcun rpynnawiu TaioKe MOweT npoiicxoAMTb no peaioiMM nojiMKOHAeHcauww, T.e. b 
30 npucyTCTBMM napoB boaw. Cm ecu 3thx anacToiviepoB c cwiaHaMw mo>kho 
Mcnorib30BaTb b KanecTBe AByxKOMnoHeHTHow Ao6aBKM. 
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Pe3MHa, K3K w 6ojibiuwHCTBO nonwMepHbix MaTepwanoB, npoHwuaeNia ana 
napoB BOAbi, noaTOMy npn ycnoBnw nonaAaHna napoB boah Ha bwxoa dpopMyiomero 
ycrpoiiicTBa, Hanpuwiep, iwyHAWTyKa, ByjiKaHM3auimi cooTBeTCTByiomi/ix cbipwx 
snacTOMepoB unw cwiecn anacTOMepoB c cmamwM, cnoco6Hbix k BynKaHW3aqMM b 
npMcyTCTBMM BOAbi no peaKuww nonnKOHAeHcaqnM, wio>KeT npowcxoAMTb He TonbKo Ha 
BbixoAe MyHAurryKa, ho m Ha hbkotopom paccToaHMw ot BbixoAa. Ecnn He npuHWMaTb 
cneunanbHbie Mepbi Ann ocyujKw B03Ayxa, o6AyBaiomero BbixoA dpopMyiomero 
ycrpoficTBa, to napbi boaw, HopiwanbHo npucyrcTByromwe b B03Ayxe, o6ecneMMBaioT 
ByjiKaHM3ai4MKD noKpbiTMf? B6nM3M BbixoAa M3 cbopMyiomero ycTpowcTBa. flriMHa cnoa 

ByjlKaHM3MpOBaHHOM pe3MHbl B6/1M3M BblXOAa OnpeAe/WeTCfl CKOpOCTbK) AMCp(py3MM 

napoB BOAbi b pe3MHe m yBanwm/iBaeTCfl co BpeMeHew. flna Awcpcpy3MM napoB boaw 
BHyrpb pe3MHbi Ha my6wHy 2 mm TpeSyeTcn 6o/iee 2 nacoB. To/imwHa 
o6pa3y(omerocfl noKpbiTM* b stom cnyMae 6yAeT nepeMeHHOM, a MMeHHO - c 
yBernmeHnew TonmnHbi noKpbiTwa b oropoHy BbixoAa M3 cpopMyiomero ycTpowcTBa, 
HanpwMep, BbixoAa m MyHAunryKa. Ecnw He npuHMMaTb cneuwanbHbie Mepw no 
yAaneHMra boaw M3 nonnMepHoro iwaTepnana, to BymaHM3aLy/ia noA AeMcreweM 
napoB BOAbi, pacTBopeHHbix b nojiwMepHOM MaTepi/iane, motkbt npowcxoAMTb m 
BHyTpw aKCTpyAepa. CoAepwaHwe napoB boaw b tbkmx HenojiapHbix nonwMepax, kbk 
nonnonecpMHbi, cocTaBnaeT 30 - 60 MacTew Ha mmjuimoh, a ann cononwMepoB c 
nonyipHbiMM rpynnaMM Tuna stm n b m h nn a LjeT3T cocTaBnaeT 300 - 400 MacTePi Ha 

MWJinWOH. 

CKopocTb peaKLiMM nonnKOHAeHcaqwn 3HaMMTenbHO B03pacTaeT b npucyTCTBun 
KaTa/iM3aTopa. flna peaKMMM nonnKOHAencaMMM M3BecTHbi KaTaxiM3aTopbi Ha ocHoee 
coeAiweHMCi BKntoMatomwx, ho He orpaHMMeHHbix MeTannaMM n coeAMHeHMSMn 
MeTaxiJiOB M3 c/ieqyiomeM rpynnw: ojiobo (Sn), tmtbh (Ti), CBMHeLi (Pb), Ko6anbT (Co), 
KaAMwtf (Cd), KaribLiufi (Ca), uwpKOHMfi (Zr). 

flpyrow cnoco6 BynKaHM3ai4MM cw/iMKOHOBbix anacTOMepoB, cpTopwpoBaHHbix 
anacTOMepoB m cpTopupoBaHHbix cwnnKOHOBbix anacTOMepos, coAepwamwx bmhmh- 
rpynnu, - sto rMAPOcwiwpoBaHMe (hydrosilation) - T.e. peamm c cwnoxcaHaMi/i, 
coAep>KaiAMMM rpynnbi KpeM h m m-bo aopoa Si-H. CooTHoweHwe MewAy cwnoKcaHaMM, 
coAep>KaiAMMM Si-H rpynnw, m nonnMepaMM, coAepwami/iMW bmhwh- rpynnw, MoweT 
Kone6aTbca b lumpokom Awana30He ot 1:1 ao 1:100. Tmapma- v\ bmhmxi- rpynnw Moiyr 
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6biTb MacTflwiw oahom noni/iMepHofi uen oh km CMJiMKOHOBoro anacTowiepa 
c^TopwpoBaHHoro cwnnKOHOBoro 3/iacTOMepa. PeaioiMfl 3Ham/rrenbHo ycKopaeTCfl npw 
yBeriMHeHMM TewmepaTypbi 1/1 b npwcyTCTBMM KaTant/i3aTopa (nnan/iHOBoro urn 
poflweBoro KOMnneKca, xota cymecTByioT i/i flpyrne KaTanM3aTopbi Ha ocHOBe 
5 MeTannoB nnaTWHOBoti rpynnbi). B naTeme CILIA N2 2,970,150 noKa3aHO, mto 
KaTannTMHecKOfi aKTMBHocTbio o6naflaeT MwcrbiCi MeTann nnaTMHbi, Hanpi/iwiep 
nnaTMHa, oca>KfleHHaH Ha aicn/iBi/ipoBaHHbitf yronb unw MenKOflwcnepcHyK) OKMCb 
amomnm. B naTeHTe CLUA 4,578,497 noKa3aHa KaTani/rn/iHecKaa aKTOBHOCTb 
AMOKCMfla nnaTi/iHbi. BbinonHeHne tow noBepxHocru ycrpowcTB pj\a <£opMOBaHWfl 

10 pacn/iaBa nonnwiepa, KOTopaa npeflHa3HaMeHa pj\* KOHiairra c pacnnaBOM normwiepa, 
c flo6aBKaMM MeTannoB i/i/i/urn coeflMHeHwCi MeTannoB, a TaioKe i/ix cnnaBOB, 
BKJUOHajomux wieTaiinbi 1/13 nnaTMHOBoK rpynnbi: nriaTMHa (Pt), na/iJiaAMfi (Pd), poahw 
(Rh), wpMAMM (Ir), pyTeHMM (Ru), ocmhm (Os), o6ecneHMBaeT BynKaHi/i3aL|i/iio cjioh 
CMJlMKOHOBOti pe3HHbi b peaKUi/m rMApocMnnpoBaHUH Ha nOBepXHOCTM . 

15 TanbBaHMMecKMe noKpbiTi/t* Ha ocHOBe n/iaTMHbi, najinaAWfl m poAwa no3BOJiHKDT 
nonyHMTb npoHHyio, i/i3HococroiiKyio noBepxHOCTb c xopoweM aAre3wefi cmjimkohob k 

T3K0M nOBepXHOCTM. 

Bo3MO)KeH BapnaHT, b KOTopowi Ha pe3MHy OAHoro copTa HaHocwTCf? ynpyroe 
noKpbiTwe M3 pe3HHbi APyroro copTa. B nacTHocTM Ha noBepxHoc™ cmjimkohobom 
20 pe3MHbi wio>KeT npowcxoAWTb oca>KAeHi/ie 1/1 BynKaHM3aMW^ cfcTopwpoBaHHoii 

CMJ1MKOHOBOM pe3WHbl cfDTOpwpOBaHHOCl pe3MHbl Ha OCHOBe yrneBOAopoAOB. 

M3BecTHO, mto copTa ci/mi/iKOHOBOM pe3MHbi, cnoco6Ho£i K ByJlKaHM3aL4MM noA 
AewcTBWeivrnapoB boaw, i/iMeK)T xopowyio aAre3Mra k Meranny 1/1 oKMCJiaM-MeTajnnoB m 
Moryr 6biTb ncnonb30BaHbi yBenwMeHWH aAre3nn noBepxHOCTW k APyn/iM copTaM 

25 CM/1MKOHOBOM pe3MHbl. Ha nOBepXHOCTb TaKOM CMJ1MKOHOBOM pe3HHbl MO>KeT 

nponcxoAMTb oca>KAeHMe cfnropMpoBaHHbix ajiacTOMepoB, nanpniwep #TopnpoBaHHbix 
CMJ1MKOHOB, cnoco6Hbix k BynKaHi/i3amii/i b np 1/1 cyTCTB Mi/i napoB boaw. Hcnonb30BaHwe 
TaKoro MHorocnoCiHoro ynpyroro noKpbrrwfl no3BOJi«eT yiweHbUJUTb a6pa3MBHbifi W3Hoc. 
B Apyrow BapnaHTe Ha noBepxHOCTb BynKaHi/131/ipoBaHHOM chjimkohobom pe3MHbi 
30 nponcxoAUT oca>KAeHMe ynpyroro noKpbiTM* w3 TepMonnacTi/iMHow cmjimkohobom 
pe3MHbi. B CJieAyiomeM Bapi/iaHTe, Ha noBepxHOCTb cHawana HaHocm* enow ynpyroro 
noKpbiTMf? M3 cmjimkohobom pe3MHbi, coAepwamew b KanecTBe HanonHi/rrenH wnn 
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flo6aBOK coeflMHeHMH nnn nopoaioK wieTannoB m cnnaBOB MeTannoB onaTOHOBOM 
rpynnbL TaKow cnofi ch/iwkohobom pe3i/iHbi Nio>KeT 6biTb HaHeceH oca>KfleHi/ieM 
flo6aBOK, cnoco6Hbix k By/iKaHW3ai4MM b peaKUMM nonwKOHfleHcaMnn. Torfla Ha 
noBepxHOCTM TaKofi pe3MHbi wio>KeT npowcxofli/iTb BynKaHM3aL(Hfl cuniiKOHOB APyroro 
5 copTa, a MMeHHo - Tex chjimkohob, Kcrropbie cnoco6Hbi k BynKaHH3auMM no peaKuwn 
rMflpocnriMpoBaHUfi. Cnow cmjimkohoboii pe3MHbi, coflepwamew flo6aBKM 
KaTariM3aTopoB, MoweT 6biTb HaHeceH b npoi4ecce (fcopMOBaHiia TepMonnacrMHHoro 
wiaTepnana, nnn cneunaribHO Mo>KeT 6biTb H3roTOBneH MyHfltuTyK w APyroe 
o6opyAOBaHne an* cf>opMOBaHi/i* c yKa3aHHbiM pe3MHOBbiM noKpbirneM Ha 
10 noBepxHoc™, npeAHa3HaMeHHOM aha KOHraicra c pacnnaBOM nonnwepHoro 
wiaTepi/iana. 

Oca>KAeHMe i/i BynKaHH3ai4MH pe3MHbi MoweT npoi/icxoAMTb npw pa3AenbHow bo 
BpeMeHM noAaMe KowinoHeHTOB anacToiviepoB, nanpuwiep, b KanecTBe Ao6aBOK 
anacTOiviepa b noni/iwiepHOM MaTepHane CHanana noAaraT chjihkohh, coAepwami/ie 

is HeHacbimeHHbie CBH3M ymepoA-yr/iepoA (C=C) c KaTani/i3aTopoM peaKuwn 
rwAPOCMJinpoBaHUH, a 3aTeM cunwKOHbi, coAepwami/ie cba3li KpeMHiw-BOAopoA (Si-H). 
CooTBeTCTBeHHo, HaoSopoT, mo>kho cHaMana noAaBaTb cwni/iKOHbi, coAepwami/ie 
CBA3M KpeMHMM-BOAopoA (Si-H) c KaTani/i3aTopOM peaKLiwn rwApoci/ini/ipoBaHMfl, a 
3aTewi cwnnKOHbi, coAep>Kau4Me HeHacbimeHHbie cba3m ymepoA-ymepoA (C=C). 

20 Mo>kho HaHOcmb ynpyroe noKpbm/ie, nepeAy* RoQasm b npouecce cftopMOBaHMfl. 
TaKMM o6pa30M, npowcxoAMT nocnoMHoe oca^eHMe m nepeMeniMBaHne KOMnoHeHTOB 
anacroiviepa Ha noBepxnocTW MyHAunyKa. PearapyK>mne KOMnoHeHTbi anacTowepoB 
MoryT 6biTb pa3AenbHO nepewieiuaHbi c no/WMepHbiM MaTepwanowi w npuroTOB/ieHbi b 
Bi/iAe rpaHyn f\nn xpaHeHi/ia m A03npoBaHHfl. B gtom cnynae mokbt npoM3BOAHTbCfl 

25 pa3AenbHafl bo BpewieHM noAana rpaHyn c pa3HbiMi/i AoSaBKaMW, a cMewwBaHYie w 
BynKaHM3ai4M« ajiacTowepoB o6ecneHMBaeTCfl ni/iujb Ha noBepxHOCTM ycTpowcTB pjna 
$opMOBaHWfl pacnnaBa TepwonnacTUHHoro normwiepHoro waTepnana, KOTopwe 
HaxoA^Tc^ b KOHTaiae c pacnnaBOM nonniviepHoro wiaiepi/iana. 

HaHeceHwe Ha noBepxHOCTb MeTannoB ynpyrwx noKpbiTww, KOTopwe w3onwpyK)T 

30 Merann or KOHTaicra c pacnjiaBOM noxwMepHoro MaTepna/ia, oSecnesMBaeT 
MHorom/icneHHbie TexHunecKwe npei/jMymecTBa, b MacTHoc™: yBeni/meHwe 
6e3Aec|3eKTH0M cKOpocrrw 3KCTpy3MH npoAyKTa, yMeHbLueHwe AaBneHi/ia npeccoBaHMH, 
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ywieHbiijeHwe noTpe6jiaeMoGi npw cjDopMOBaHUM moluhocth, yweHbLueHne 
TewinepaTypbi <J)opMOBaHMfl, yMeHbtueHwe TepMtmecKoro pasnoweHwa nonuiMepHoro 
wiaTepwana b 3acTofiHbix 30Hax, ynymuem/ie BHeumero BMfla m^enm, yMeHbweHwe 
a6pa3MBHoro W3Hoca wieTanna, yMeHbiueHwe Koppo3i/iw wieTamia ot KOHTaKTa c 
pacnnaBOM nonnwiepHoro Marepwana n jkhakoctamw p/m oxnaymenm w o6pa6o™i 
npoAyKTa. 

06o6mafl aHanw3 npeflnaraeMbix TexHuwecKMx peiuenm, mo>kho OTiweTHTb, mto 
ynpyroe noRpbune HaHoci/rrcfl Ha noBepxHocrb, HaxoAsmyiocfl b KOHTaicre c 
pacnnaBOM nonwviepHoro MaTepnana, npeniviymecTBeHHo nyTew oca>KqeHHfl AoSaBOK 
anacTOMepoB 1/13 pacnnaBa TepwionxiacTHMHoro MaTepi/iana. B KanecTBe Ao6aBOK 
HanSo/iee qenecoo6pa3Ho ncnonb30BaTb cneAy>oini/ie anacrroMepbi: 

• TepMonnacTMMHbie snacroMepbi, KOTopwe pasMHrHatoTca, ho coxpaHfltOT 
ynpyrwe CBOMCTBa npw TewinepaType cjxjpMOBaHHA. TaKi/ie anacTOMepbi 
o6ecnem/iBaioT HaHeceHwe ynpyroro noKpbiTwa Ha noBepxHocro, 
Haxofl^mewc^ b KOHTaicre c pacnnaBOM. Hcnonb30BaHne TepMonnacTHMHbix 
anacroMepoB - sto Han6onee npocTow cnoco6 HaHeceHw* ynpyroro 

nOKpbJTI/lfl. 

• 3nacT0Mepbi, KOTopwe Byni<aHH3npyK)TCfl no peaKqwn ruAPOcwnMpoBaHM* 
wni/i no peaKUMM nonnKOHAeHcaqnn. 

B KanecTBe Ao6aBOK mo>kho wcnonb30BaTb AByxKOMnoHeHTHbie CMecw npw 
yonoBnn coBwiecTHOM Miin pa3AejibHow noAanw KowinoHeHTOB cwiecn. B KanecTBe 
Ao6aBOK mo>kho ncnonb30BaTb KaTanw3aTopbi cooTBeTCTByfouiwx peaiajnw m HaHocwb 
KaTariM3aTop Ha noBepxHocri/t, HaxoAflmweca BKOHTaicre c pacnnaBOM. ripi/i ycjioBwn 
Mcnonb30BaHMH opraHnnecKnx nepoKCHAOB b KaHecTBe cLUMBaioiAMx areHTOB, 
HaneceHne ynpyroro noKpbi™* o6ecnemiBaeTCfl HarpeBowi creHKM MyHAurryKa Bbiwe 
TeiwnepaTypbi pasncmeHiAn nepoKCMAos, ho Hiwce TeMnepaTypbi pa3Jio>KeHMfl 
TepivionnacTMHHoro nonnMepHoro MaTepi/iana, HanpuMep, b6jim3M BbixoAa m 
MyHAUJTyKa (cm. naTeHT CUJA N° 4,578,497). 

CymHOCTb 3a*Bn*eMbix w3o6peTeHMM noacHaeTCfl npwMepaMw peanw3aL4i4M w 
rpac^MwecKMMM MaTepwanaMM. 
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Ha <f>wr.1 npeACTaBJieHbi KpwBbie mueHemn ynpyroro v\ Bfl3Koro wioflyn^ pjin 
pacnnaBa nonnsTwneHa b 3aBucwMoc™ ot nacTOTbi flecjDopMauMM npw Tewinepaiype 
165°C. 

Ha <t>nr.2 npeflCTaB/ieHbi KpuBbie M3MeHeHiifl ynpyroro m Bfl3Koro MOAyna Ana 
5 {Jrropi/ipoBaHHoro nonMMepa VITON b 3aBMCMMOCTM ot MacTOTbi nefyopwaum npn 
TewnepaType 165°C. 

Ha dpwr.3 npeACTaBneHbi Kpi/iBbie M3MeHeHM^ ynpyroro w B*3Koro MOAy/ifl pjnn 
4>TopnpoBaHHoro nonwviepa DYNAMAR b 3aBi/icnwioc™ ot MacTOTbi aedpopuaum npn 
Tewinepaiype 165°C. 

10 Ha cf>nr.4 npeACTaBneHbi KpuBbie i/i3MeHeHwa ynpyroro m B*3Koro MOAyrm Pfw 

cwnwKOHOBOfi pe3MHbi RT-601 b 3aBi/icMM0CTM ot MacTOTbi AecfropMaMi/w npw 
TeiwnepaType 165°C. 

Ha cjDwr.5 npeACTaBneHbi KpuBbte mMeHenm ynpyroro w B*3Koro MOAy-rifl Rn* 
cwjiMKOHOBOM pe3WHbi SilGel 612 b 3aBMCMWiocTM ot MacTOTbi flecfjopivia 141/11/1. 
15 Ha 4)nr.6 npeACTaBneHbi KpMBbie M3MeHeHWfl ynpyroro w Bfl3Koro MOAyxifl AJia 

TepMonnacTMMHoro snacTOwiepa TT13-120 b 3aBi/icwMOCT!/i ot MacTOTbi AecjDopwai^nM 
npw TewinepaType 165°C. 

Ha cj)i/ir.7 npeACTaBneHbi KpMBbie M3MeHeHHfl ynpyroro m BH3Koro MOAyJifl A^* 
TepMonnacTUHHoro anacroiviepa TH3-80 b 3aBncuM0CTM ot MacTOTbi Aecfcopwiauii/ii/i 
20 npw TeivinepaType 165°C. 

Ha <t>nr.8 npeACTaBneHbi KpwBbie OTHOiueHwa ynpyroro MOAyna k Bfl3K0wiy 
MOAynK) aha TepwionnacTMMHbix anacroiviepoB TT13-140, TT13-160, 
HeBynKaHM3npoBaHHoro anacTowiepa Dynamar w noni/iSTwneHa LL1201 b 3aBMCMwiocTM 
ot MacroTbi AecfropMauw/i npw TewinepaType 165°C. 
25 Ha 4>nr.9 npeACTaBneH cxewiaTHsecKM BapwaHT BbinonHeHwa ycTpowcTBa f\nn 

3Kcrpy3MM c ncnonb30BaHneM wieTannitMecKoro win cTeicnflHHoro MyHAUJTyKa nnx 
3KCTpy3MM Kpyrnoro cTepwH*. 

Ha cjDwr.10 npeACTaBneH cxewaTMMecKH BapnaHT BbinonHeHwa MyHAiuryKa ah* 

3KCTpy3MI/1 TOHKOCTeHHOM Tpy6bl. 

30 Ha <£wr.11 npeACTaBneHbi xapaKTepucTusecKne KpMBbie n3MeHeHwa AaBneHi/m 

npn yBenuMeHMM cKopoc™ 3KCTpy3nw noni/i3TwneHa Mepe3 MyHA^TyK, H3roTOBneHHWM 
m Hep>KaBeiOLiJieM cTanw 6e3 noKpbiTMfl (cnnowHaa KpHBaa). KpHBaa M3MeHeHi/ifl 
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qacroTbi noflB/ieHna AecpeKTOB Ha noBepxHOCTM npoAyicra npn yeenmenvM ckopoctm 
3KCTpy3nw npeflCTasneHa nywcropoM. 

Ha cpwr.12 npeflCTaB/ieHbi xapaicrepucTuqecKMe KpwBbie M3M6HeHMfl aaBnenm 

npM yBe/lMMeHMM CKOpOCTM 3KCTpy3MM nOJlM3TMneHa Mepe3 IWyHfltUTyK, M3rOTOBJieHHblM 

M3 Hep>KaBeioiMeM ciann 6e3 noKpbrroa (crmoiUHaa KpuBan), c tohkmm c/ioeiw 
HeBy/iKaHM3npoBaHHoro 3/iacTOMepa VITON (0,3 mkm, nymcrup), c tohkmm cnoewi 
HeBy/iKaHM3npoBaHHoro snacroMepa Dynamar (0,3 mkm, tomkm) h c tohkmm 
noKpbiTMeM ynpyrMM TepMonnacTMMHbiM 3/iacroMepoM "JTI3-160 (0,09 mkm, impux- 
nyHKTwp). KpecTaMM noMeneHbi MOMeHTbi nosBJieHMe AecfceicroB noBepxHocTM. 

npeflnaraeMbie TexHMHecKMe peiueHMa npeflHa3HaMeHbi A"* Mcnonb30BaHMfl 
npM <|)opMOBaHMM TepMon/iacTMMHbix no/iMMepHbix MaTepManoB. 

npMMep 1 

Cnoco6 peanM30BbiBanM c Mcno/ib30BaHM6M ycTpoficTBa flna cpopMOBaHwa 
TepMonnacTMMHoro nonMMepHoro MaTepwa^a, BKnroHaiomero cpopMyrouiee 
ycTpoficTBO b BMfle MyHflUJTyKa pjm 3K<rrpy3MM nomsTwneHa, npeflCTaBneHHoro 
cxeMaTMMHo Ha cpMr.9 . 

Yctpomctbo coflep>KMT HecymMM Kopnyc 1 c npMcnoco6neHM5iMM Ana era 
KpenneHMA k SKorpyflepy, MOHTaKHyio wrwribKy 2, o6o«My 3, yKpenneHHyio Ha. 
HecymeM Kopnyce, KonbqeByio nnacTMHy 4 ana ycTaHOBKM MyHfliiiiyKa, bmhtw 5 ana 
KpenneHMH KonbLteBOM nnacroHbi 4 m o6oMMbi 3 k HecymeMy Kopnycy 1 , MyHfliiiTyK 6 b 
BMAe Tpy6KM Ana BbiAaB/iMBaHun CTepKHH. Ha BHyTpeHHew noBepxHOCTM MyHAurryKa 

HaHeCeHO nOKpblTMe 7, KOTOpoe MO>KeT 6blTb KaTaJIMTMHeCKMM nOKpblTMBM, MJ1M 

noKpbiTMeM, coAepwauiMM OKCMAbi MeTannoB Ana ynymiieHMn aAre3MM 3/iacTOMepoB k 
MeTanjiMMecKOM nosepxHocTM, mdm ynpyrMM noKpbiTMeM. B nacTHOCTM, ynpyroe 
noKpbiTMe Mo>KeT 6biTb BbinonHeHo c AooaBKaMM KaTanM3aTopoB cooTBeTCTByromeii 

peaKLIMM Byj1KaHM3aL|MM 3JiaCT0Mep0B. YCTPOMCTBO COAep>KMT flaTHMK AaBneHMjq 8 M 

pe3b6oByio KpwujKy 9. 

npM pea/iM3auMM cnoco6a ycTpowcTBo cfeyHKuwoHMpyeT c/ieAytomMM o6pa30M. 
B 3arpy30MHyio eMKocTb cpopMyiomero ycTpoficTBa c nopujHeBbiM SKCTpyAepoM (Ha 
nepTewax He noKa3aHbi, KaK He OTHOcamweca k cyiqecTBy npeAnoweHMfl) 3arpy>KaiOT 
cpopMyeMbifi MaTepMan w BbiAaB/WBaioT era c 3aAaHH0fi CKopoorbio nepe3 MyHALUTyK 
6. B cnynae Mcnonb30BaHMn KaTanwTMMecKoro noKpbiTMa oho B3aMMOAewcTByeT c 
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floSaBKawiM snacTOMepoB, BBefleHHbiMH b cfropMyeMbm MaTepwan, mto Bbi3biBaeT wx 
BynKaHM3aunK) m oca>KAeHne Ha ynacTKax noKpbiTna. B cnynae wcnonb30BaHWfl 
ynpyroro noKpbiTwa, HaHeceHHoro flpyrnwiw MeTOflaMM, sto noKpbrrwe, 
B3awMOAeficTByfl c c^opwiyeivibiM MaiepnanoM, o6ecneHMBaeT oca>KAeHne Ha ynacTKax 

5 noKpbiTM^ flo6aBOK M3 cfropMyeMoro MaTepnana an* KOMneHcaLji/ii/i w3Hoca noKpbm/m. 

Hcnonb30BaHHbiw nonwsTwneH LL1201 XV npoM3BOflCTBa KowinaHMM 
ExxonMobil (cm. http://www.exxonmobil.com/chemican , xapaKTepM3yeTca 
cneflyKDU4MMM napawieTpaMn: nnoTHOCTb - 0,926 r/cM 3 , tohk3 nnaBneHwa - 123°C, 
MHfleKC pacnnaBa - 0,7 r 3a 10 MMHyT, peKOMeHAyeMaa npoi/i3BOAHTeneM 

10 TewinepaTypa 3KCTpy3MM - 180 - 200°C. flna 3KCTpy3MM 6bm wcnonb30Banw nopuiHeBotfi 
SKCTpyflep npoM3BOflCTBa KOMnaHnn Loomis (cm. http://wwwJoomisproducts.com) c 
AnaMeTpowi Kawiepbi ana MaTepnana - 60 mm, c Rnmoih - 200 mm, c MaKCMManbHbiM 
AaBneHneM b KaMepe - 400 aTM. A*!* 3KCTpy3i/in wcnonb30Bann MyHALUTyKM c 
AMaMeTpoM LiwnnHApwMecKOM nonocro Arm ABi/weHMfl pacnnaBa 6 mm m AnMHoPi 32 

15 MM 14 48 MM. 

dpi/! 3KCTpy3MM nonnsTwneHa Mepe3 MyHAWTyK M3 Hep>KaBeK)iAeii crani/i ahmhom 
48 mm c HapacTaHneM ckopocth ot2 ao 300 MM/ceK npi/i npeBbiiueHUM KpwTMMecKow 
CKopoc™ 3KCTpy3MM npoAyKT HMen HepOBHyK) nOBepXHOCTb. KpHTMHeCKafl CKOpOCTb 
no^B/ieHM^ KBa3MnepwoAMHecKnx noBepxHOCTHbix Ae#eKTOB ppn noni/i3TwneHa 6e3 

20 AoSaBOK anacTOMepoB npi/i TeMnepaType 165°C cocTaBwna 5,4 MM/ceK. Ha 4>wr.1 1 
npeACTaBneH rpacfcwK M3MeHeHi/ifl AasneHi/m npn yBeni/meHi/iti cKopocTW 3KCTpy3i/ii/i 
(cnnowHaa KpwBaa). BpeMeHHbie Macro™ noBepxHOCTHoro penbe$a Ha npoAytcre b 
[H4 T.e. OTHOLueHwe CKopoc™ 3KCTpy3nn b [MM/ceK] k nepwoAy noBepxHOCTHoro 
penbecfea b [mm] 6bini/i i/i3MepeHbi v\ npeACTaBneHbi nyHicrnpoM. Ha6nroAaeMafl 

25 MacTOTa noflBneHvm Ae<t>eKT0B newurr b Awana30Hax ot 13 ao 40 Tu npi/i cpeAHeM 
3HaMeHMM wacTOTbi okojio 20 fn. OTHomeHi/ie ynpyroro MOAyna k BH3KOMy Mop,yn\o aha 
pacnnaBa nonn3*rnneHa Ha nacTOTe 20 Tm cocTaBnaeT K = 1 ,4. 

3aTeM a^ 3KCTpy3i/in Hcnonb30Bani/i MyHAWTyK H3 HepwaBeiometi crrann 
AJiMHOfi 32 mm c tohkmm cnoeM cfrropwpoBaHHbix snacTOMepos MapKM "Viton® 

30 FreeFIow™ SC-PW", "DYNAMAR" Dyneon (3M) w TepMonnacTMMHbix snacTOMepoB Ha 
ocHOBe cwiOKcaHOB. An* HaHeceHwa cnon snacroMepoB Ha BHyipeHHtoto 
noBepxHOCTb MyHAUJTyK 5 OTcoeAUHflni* ot sKcrpyAepa n 3anonHflnw 
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pacnnaBneHHbiMw snacroMepaMW. 3aTeM MyHflUJTyK npucoeflMH^nu k 3KcrpyAepy, 
HarpeBann ao TewinepaTypbi #opMOBaHna h npoBOAWJiH 3KCTpy3MK) pacnnaBa 
nonnsTuneHa co cKopocTbK) okojio 2 MM/ceK b TeMeHwn 30 mmh. B pe3yribTaTe 
anacTOMep BbiAaB/iMBanca Hapy>Ky n yHocnnca pacnnaBOM nonnaTM/ieHa, ho Ha 
5 crreHKax wyHflLUTyKa ocTaBanca tohkim enow anacTOMepoB. 3aTeM npoBOAHJiw 
3KCTpy3HK) nonMSTwneHa c HapacTaHuewi CKopoc™ ot 2 ao 400 MM/ceK. 

Ha <J)Mr.12 npeAcraBneHbi rpacfensecKM KpwBbie mweHeHm p&Bnenm Ha 
MyHAurryKe npw yBenmenm CKopoc™ 3Kcrpy3MM (xapaKTepMCTMHecKne KpuBbie) 
MyHAUJTyKa 6e3 noKpbrn/ia (cnnowHaa Kpi/iBaa), co cnoeM snacTOMepa Viton (nyHKTwp), 

10 co cnoeM 3nacTOMepa Dynamar (lUTpux-nyHicrMp) w co cnoeM TepivjonnacTMMHoro 
anacTOMepa Tn3-160 (tohkw). KpecTaMi/i Ha KpuBbix noMeneHo BO3HMKH0BeHne 
AecfreioroB Ha noBepxHoc™. Bhaho, mto npn wcnonb30BaHHw TepwionnacTHMHoro 
anacTOMepa TT13-160 Ha6nroAaeTca HawSonbwaa GezppdpeKrHan CKopocTb 
3KCTpy3Mii. npn M3MepeHww xapaicrepMCTMHecKi/ix Kpi/iBbix Mepe3 MyHAurryK 

is npoAaBnwBann okojio 0,4 Kr paennasa non!/i3THneHa. flocne npoBeAeHwsi 3Kcxpy3MM 
MyHALiiTyK CHMManw m nyTeM H3MepeHi/ifl sneKvprnecKoih eMKocTi/i npoBOAwni/i oueHKy 
ToniiiMHbi noKpbiTMfl Ha noBepxHoc™ MeTanna. 

Rnn cpaBHeHra ctomkoctm cjioa anacroMepoB k n3HOcy nepe3 tot we 
MyHAUiTyK npoBOAwnn 3Kcrpy3MK) BTOpoi/i pa3. ripw noBTOpHOM 3KcnepnMeHTe 6bino 

20 nonyneHO, mto npw wcnonb30BaHHw TepMormacTMHHoro anacTowiepa 7T13-160 
3HaMeHne 6e3AecfceKTHOW ckopoctw 3KCTpy3WM M3MeHnnocb c 142 ao 105 MM/ceK, a 
TO/imwHa cnoa w3MeHWiacb c 0,09 ao 0,07 mkm, b to BpeM* KdK npw Mcnonb30BaHwvi 
HeBynKaHM3wpoBaHHoro snacroMepa Dynamar 6e3Ae4>eKTHafl crapocTb 3KCTpy3nn 
M3MeHMnacb c 107 ao 79 MM/ceK, a TonmwHa cnoa w3MeHwnacb c 0,3 ao 0,07 mkm. 

25 fliiHaMi/mecKaa Bfl3KOCTb TepMonnacTUHHoro anacTOMepa "TT13-160 HaMHoro MeHbwe, 
MeM cooTBeTCTByroaiee 3HaMeHi/ie ctrropwpoBaHHoro anacTOMepa Dynamar. CTOWKOCTb 

CJIOfl TPI3-160 K M3HOCy n03BOJl^eT rOBOpMTb o HaHeceHMM TOHKOrO nOKpblTI/lfl M3 3Toro 
TepMonnacTMHHoro snacroMepa Ha BHyTpeHHioio noBepxHocrb MyHAurryKa. npw 
ncnonb30BaHnn TepMonnacTUHHoro 3/iacTOMepa TI13-160, xapaKTepucTMKn KOToporo 
30 yAOBneTBop*K)T o6owm ycnoBWHM G7G"> K 2 w (G7G") 0 > KL, Heo6xoAWMbiM a^* 
HaHeceHM« ynpyroro noKpbrrwa, mo>kho roBopwTb o HaHeceHww TOHKoro ynpyroro 
noKpbiTwa. A npw wcnonb30BaHww HeBynKaHW3wpoBaHHoro snacTOMepa Dynamar, p/in 
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KOToporo He BbinonHHeTca ycnoBi/ie (G7G") 0 > KL, mowho rosopnTb To/ibKO o cnoe 
CM33KM Ha BHyxpeHHeCi noBepxHocTH wiyHfliiiTyKa. flpyrne TepwionnacTHMHbie 
anapTOMepbi (Tn3-80, TTI3-120, 7713-140), xapaiaepMCTHKM KOTopwx yAOB/ieTBopanw 
o6omm yKa3aHHbiM ycjioBi/iaivi, Heo6xoAWMbiwi pj\* HaHeceHwa ynpyroro noKpbiTHH, 
5 TaioKe noi<a3ann xopoujyfo cTofiKOCTb noKpbiTwa k M3HOcy w BbicoKMe 3Ha4eHi/ia 

663Aec|)eKTHOfl CKOpOCTM 3KCTpy3UH. 

3HaneHM^ TO/iinwHbi noKpbiTHfl noc/ie npoBefleHwa 3KCTpy3MM, Kpi/iTWMecKoft 
cKopocTM noflBneHMfl flec^eicroB npw ncnojib30BaHMM CTaribHoro MyHAurryKa 6e3 

nOKpblTMfl M C nOKpblTM^MM, flMHaMMHeCKOM Bfl3KOCTM MaTepl/iana nOKpblTMfl Ha 

10 xapaicrepHOM MacTOTe 20 Ti4 u OTHOLueHi/ia ynpyroro MOAyrm k Bfl3Kowiy MOflynio Ha 
xapaKTepHOM 4acTore 20 Tq m Ha nacTOTe 0,06 l"Lt npuBeAeHbi b Ta6ni/iue 2 
cpaBHeHu^. flByMfl 3Be3AOHKaMW noMeneHbi ABe noc/ieAHwe ctpokm raennuibi, b 

KOTOpblX npMBeAeHbi 3HaMeHMfl TOJltHl/lHbl nOKpblTMfl M KpWTMMeCKOtl CKOpOCTM 

3KCTpy3nn nocne A^yx nocneAOBaTenbHbix 3KCTpy3Mfi. HpwBeAeHHbie 3HaweHM* 

15 AMHaMMHeCKOM Bfl3KOCTW COOTBeTCTByiOT COOTHOWeHWK) G'Vco, [Pa»S], G>= 2ltf atih 

MacTOTbi f = 20 nj. 



Taenia 2. 



noKpbiTue 


ToninwHa 

noKpbiTwn, 

[mkm] 


KpidTMMecKan 

CKOpOCTb, 

[Miw/ceK] 


Bfl3KOCTb, 

[Pa.s] 


G'/G" 


GVG'lo 


Be3 noKpbiTnyi 




5,4 


2372 


K = 1,4 


L = 0,2 


VITON 


0,07 


13 


722 


0,7 • K 2 


1,4 .KL 


DYNAMAR 


0,3 


107 


4650 


1,17.K Z 


0,7 • KL 


"ITI3-160 


0,09 


142 


645 


1,22 •K 2 


2,5 • KL 


Tna-140 


0,36 


136 


1840 


1,53. K z 


2,5 • KL 


TnS-120 


0,64 


103 


1815 


1,38 .K 2 


2,1 • KL 


TTI3-80 


0,45 


98 ; 


1170 


1,22. K 2 


1,4 «KL 


DYNAMAR ** 


0,07 


79 


4650 


1,17. K 2 


0,7 • KL 


TTI3-160 ** 


0,07 


105 


645 


1,22. K 2 


2,5 • KL 
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riPHMep 2 

Cnoco6 peanw30Bbi8anw c wcnonb30BaHneM ycipowcTBa ana cfropMOBaHwa 
TepwionnacTHMHoro noni/iMepHoro MaTepwa/ia, npeflCTaBneHHoro cxewiaTUHHo Ha 
cjwr.9 1/1 BKnjoMaiomero c^opwiyiomee ycrpotiCTBO b BMfle creKJiaHHoro MyHflorryKa 

5 flnnHow 32 mm m fluaMeTpoM 6 mm. npoBOAWxiw 3KCTpy3MK) nonwsTi/meHa 6e3 fl06aBOK 
c HapacrraHi/ieM ckopoctm npw TeMnepaType 165°C. Ana mi/ictow cTeKnaHHofi TpySKM 
Kpi/iTi/mecKafl cKopocTb noflBneHna AecfceicroB cocraBiina 6,7 MM/ceK. 3aTeM MyHflUJTyK 
noKpbiBa/iw cnoeM anacTOMepoB TaioKe, KaK onwcaHO b npwMepe 1. B KanecTBe 
snacroMepoB wcnojib30Bann cjDTopupoBaHHbiw 3nacT0Mep MapKw "Viton® FreeFlow" 

10 npoM3BOflCTBa KOMnaHMi/i DuPont wnw TepMonnacTMHHbiti anacTOMep MapKM TIIS- 
120" npon3BOflCTBa KOMnaHiw Wacker-Chemie GmbH. B cnynae wcnonb30BaHWfl 
4)TopMpoBaHHoro anacTOMepa Viton Kpi/rn/iHecKafl CKopocTb noaBneHi/m flec|3eKTOB 
cocTaBuna 17,8 MM/ceK. ilocne 3KCTpy3M/i 1 Kr nonn3TnneHa Ha noBepxHOcn/i 
npoflyicra noaBi/ini/icb Aecfreicrbi Ha CKopoc™ 10 MM/ceK. riocne 3KCTpy3Mui 2 Kr 

15 nonn3TnneHa Kpwn/mecKafl CKopocTb noflBneHi/m AecfreKTOB Ha noBepxHoc™ npoAyicra 
npaKTMMecKM coBnaAana c no^BJieHweM AecfreKTOB b cnynae ncnojib30BaHi/ia mhctow 

CTeKTlflHHOM Tpy6KM. 

B cnynae i/icnonb30BaHMfl TepMonnacTMHHoro snacTOMepa Tn3-120 
KpnTunecKa^ CKopocTb noasnenm Ae#eKTOB cocraBMna okojio 110 MM/ceK. 

20 noriMSTuneH cMeiuanM c flo6aBKaMi/i, coAepwauji/iMi/i OKMCb TmaHa TaK, mto aoji* 
a6pa3MBHbix MacTnq b noni/isTwneHe cocTaBuna 4 Bee. %. riocne 3Kcrpy3iM 1 Kr 
noJiwsTuneHa c a6pa3i/iBHbiMi/i Ao6aBKaMi/i m 6 Kr nonnaTtineHa 6e3 flo6aBOK 
KpnTMMecKafl CKopocTb nofiBneHi/ifl AecfceKTOB cocTaBMna 65,3 MM/ceK. TaKMM 
o6pa30M, ycTOMHUBOCTb ynpyroro noKpbiTHfl, nojiyneHHoro c Mcnonb30BaHneM 

25 TepMonnacTMHHoro anacTOMepa TT13-120, k H3Hocy a6pa3MBHbiMM MacTwuaMM 
3HaMMTenbHO Bbime, MeM crrofiKOCTb cnoa 4rropnpoBaHHoro snacTOMepa Viton. 

flPHMep 3 

CnocoS peanu30BbiBann c wcnoJib30BaHweM ycTpoticTBa A*™ $opMOBaHna 
TepMonnacTMMHoro nonnMepHoro MaTepnana, npeACTaBneHHoro cxeMan/iMHo Ha 
30 4>i/ir,9 v\ BKHfonaioiAero cfcopMyiomee ycTpowcTBO b BMAe cTeKnaHHoro MyHAWTyKa 6e3 
noKpbiTMH. B KaMepy 3KCTpyAepa 3arpy>Kann rpaHynbi nonwsTvmeHa, nepeMeiuaHHbie c 
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CMJIMKOHOBbIM 3JiaCT0Mep0M B BMfle BA3KOW >KMflKOCTM. B K3MeCTBe CMJlMKOHOBOrO 

3/iacTOMepa Mcnonb30Bani4 oflHOKOMnoHeHTHbiw cmiWKOHOBbm KOwinayHA Mapw "N10" 
npow3BOflCTBa KoiwnaHMM Wacker (cm. http://www ( wackerxom) . flona flo6aBOK 
cwnwKOHOBoro KOMnayHAa b nonnsTuneH cocTaBuna okojio 5 Bee. %. nonwMepHbiM 
5 MaTepwan c Ao6aBKaMn HarpeBanw flo 180°C m npofi3BOAi/mw 3KCTpy3wio okojio 0,4 Kr 
nonwaTuneHa LL1201 XV c Ao6aBKawin cmii/iKOHOBoro KOMnayHAa Mepe3 iwyHAUJTyK co 
cpeAHew no ceMeHMio MyHAurryKa CKopocTbK) npoAyKTa 5 MM/ceK. 3aTeM KaMepy 
BHOBb .HanonHHJiH rpaHyjiaMW noni/wi/mena, ho y>Ke 6e3 aoSsbok cunwKOHOBoro 
KOMnayHAa, HarpeBani/i p,o nnaBneHi/ia noni/iSTWieHa h paBHOMepHoro pacnpeAejieHi/m 
10 TeMnepaTypbi b KaMepe. Topei4 MyHAunyKa b 3to BpeM* oQpyBam B03AyxoM npw 
TeMnepaType okojio 200°C. Mepe3 8 MacoB npoM3BOAwiw 3KCTpy3Mio c HapacTaHi/ieM 

CKOPOCTM npOAyKTa OT 2 AO 300 MM/ceK H CjDMKCMpOBa/lM MOMeHT nOflBXieHUfl 

Aec})eKTOB Ha noBepxHOCTM npoAyicra. Bbino 3apen/tcTpi/ipoBaHO, mto Ae#©KTbi 
no^Bn^toTc^ Ha noBepxHOCTM npoAyKTa npw ckopoctm 3KCTpy3ww 150 MM/ceK. 

15 npOBOAMIlM 3KCTpy3HK) 2 Kr nOflMSTMJieHa 6e3 A06aBOK - H3MeHeHMH KpWTI/IMeCKOfi 

CKopocTM no^snenm Aecf)eKTOB b nocjieAOBaTenbHbix aKcnepMMeHTax He 
3aperMCTpwpoBaHo. 

KaMepy oKcrpyAepa m MyHAWTyK omi/icti/ijim MexaHnnecKn w 0T>Ki/ir0M b nenw npw 
TeMnepaType 500°C. 3aTeM b KaMepy 3arpy3wiw rpaHy/ibi non M3TM/ieHa , 

20 nepeMeujaHHbie c cwnviKOHOBbiM snacroMepoM npu none A°6aBOK okojio 10 -12 
Bec.%. riocxie 3KCTpy3ww okoho 0,4 Kr CMecu KaMepy 3anonHwnn mmcthm 
nojiMSTuneHOM ui 4epe3 8 nacoB npoBenn 3Kcrpy3Hio pacn/iaBa no/ii/isTi/meHa. 
BbixoA^iAMM npoAyKT cwnbHo OTOioHflnc* ot och b cTopoHy, mto yKa3biBaeT Ha to, mto 
ToniAMHa ynpyroro noKpwTi/m Ha noBepxHOcrw MyHALUTyKa HepaBHOMepHa. OMeBWAHO, 

25 mto ncnonb30BaHwe AoSaBOK b KonwMecTBe 6onee 10 Bec.% HewenaTexibHO w3-3a 
HeKOHTponnpyeMoro w3MeHeHMfl ceMeHi/ia KaHana MyHALUTyKa. 
npiiMep 4 

Cnoco6 peann30BbiBann c wcnojib30BaHneM ycrrpoMCTBa pj\n cfcopMOBaHM* 
TepMon/iacTMM Horo no/iMMepHoro MaTepnana, npeACTaBneHHoro cxeMaTMMHo Ha 
30 cf>!/ir.9 m BKnjoMaioinero cfiopMyiomee ycrpowcTBO b bha© naTyHHoro MyHALUTyKa c 
raxibBaHMHecKMM noKpbiTi/ieM nnaTHHOM. B KaMepy 3KCTpyAepa 3arpywajin rpaHynbi 
nojiM3TMneHa, nepeMeiuaHHbie c anacrroMepoM Ha ocHOBe rpacfcT- cononwMepoB 
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cunoKcaHOB c noni/iypeTaHaMM npow3BOACTBa KoivinaHnn Cypen (cm. 
http://www.surel.ru/) . 6e3 Ao6aBOK KaTanui3aTopa peaKqun BynKaHwaaqun. 

Mcnonb30BaHHbifi anacTOMep nwieeT xopoiuyio aflre3HK> k MeTann nwecKOM 
noBepxHOCTH n cnoco6eH k ByriKaHM3ai4MM no peaiajMM ruApocunnpoBaHM^ b 
5 npwcyTCTBMH MeTajinoB nnaTMHOBOM rpynnbi. flona flo6aBOK nojiwypeTaH- 
CMJiMKOHOBoro KOMnayHAa b nojinoTuneH cocrraBUJia okoxio 1 Bee. %. nonwviepHbiM 
wiaTepwan c Ao6aBKaMM HarpeBann ao 180°C h npon3BOAnnn 3KCTpy3i/ito okojio 0,4 Kr 
nonnaTuneHa LL1201 XV c Ao6aBKaMi/i 3Toro snacrroMepa nepe3 MyHAWTyK co 
cpeAHew no ceneHUKD MyHAurryKa cKopocTbK) npoAyKTa 5 MM/ceK. 3aTewi KaMepy 
10 BHOBb HanonHflJiH rpaHynaMw nonnsTuneHa, ho ywe 6e3 flo6aBOK, HarpeBanw ao 
nnaBJieHM^ nonnsTmieHa v\ paBHowepHoro pacnpeAeneHwa rewinepaTypbi b KaMepe. 

npoBOAnnn 3KCTpy3nio nonnaTMJieHa 6e3 ao63bok c HapacTaHMeM cKopoc™ 
npw TewnepaType 165°C. Bbino 3aperMCTpnpoBaHO, hto AecjDeKTbi noaBnaioTCfi Ha 
noBepXHOCTi/i npoAyKTa npi/i CKopoc™ 3KCTpy3Mw okojio 120 MM/ceK. npoBOAnru/i 
is 3Kcrpy3MK) 2 Kr noni/i3Ti/meHa 6e3 AoQaBOK - Ki3MeHeHi/m KpwTi/mecKoii ckopoctm 
no^BneHM^ Ae<t> eKT0B b nocneAOBaTenbHbix SKcnepuMeHTax He 3aperncTpnpoBaHO. 

flpi/iMep 5 

Cnoco6 peanM30BbiBann c wcnonb30BaHneM ycTpoticTBa ana c£>opMOBaHi/m 
TepMonnacTHMHoro noxinMepHoro Maiepi/iana, BKmonaiomero cfropMyromee 

20 ycrpowcTBO b BMAe MyHAiuTyKa ana 3KCTpy3nn nonnsTuneHa, npeACTaBJieHHoro 
cxeMaTMMHO Ha ctDnr.10, c wcnonb30BaHMeM LUHeK 3KCTpyAepa. YctpoCictbo coa©P>kmt 
Hecyu^MM Kopnyc 10 c BepxHert KOJibLieBofi BCTaBKofi 11 n BHyTpeHHew BCTaBKofi 12, 
3aKpenneHHow Ha ocm MyHAunyKa c noMoiAbio Tpex cTepwHeti 13. Hi/dkhha BcraBKa 14 
MMeeT pe3b6oBoe OTBepcTwe Rim KpenneHM* MyHAWTyKa k 3KCTpyAepy. Ha 

25 noBepxHOCTM BepxHeii KonbLjeBoti BCTaBKM 11 HaHeceHo noKpbiTue 15, a Ha 
noBepxHOCTH BHyTpeHHefi BCTaBM 12 HaHeceHo noKpbiTue 16. rioKpbiTMa 15 m 16 
MoryT 6biTb KaTajiMTuqecKMM noKpbuneM, v\nv\ noKpbm/ieM, coflep^amuM oko/iaw 
MeTajinoB nnn ynymueHiifl aAre3Mw snacTOMepoB k MeTanni/iHecKofi noBepxHocn/i, mjim 
ynpyruM noKpbuneM. B nacTHOCTH, ynpyroe noKpbrrne MO>KeT 6biTb BbinonHeHO c 

30 Ao6aBKaMM KaTani/i3a*ropoB cooTBeTCTBywmei/i peaKLinn ByriKaHM3ai4HM 3/iacTOMepoB. 
YcTpoMCTBO coAep>KMT HarpeBaTenn 17. 
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ripn peann3ai4nn cnocoSa ycTpowcTBo cjDyHKLinoHnpyeT cne,qyjoii4MM o6pa30M. 
B 3arpy30HHyK) ewiKOCTb cjDopMytomero ycTpoCicTBa c nopuiHeBbiM SKCTpyAepOM (Ha 
MepTewax He noKa3aHbi, kqk He OTHocaLMwecfl k cymecTBy npeflno>KeHHfl) 3arpy>KaK>T 
cfropMyeMbifi wiaTepnan h BbiAaBriMBaroT ero c 3aflaHHofi cKopocrbro Mepe3 MyHAWTyK. 
B cnynae ncno/ib30BaHna KaTanmwecKoro noRpbiTiw oho B3ai/iMOAefiCTByeT c 
Ao6aBKaMM anacfoMepoB, BBeAeHHbiwiw b cfcopMyeMbifi MaTepi/ian, mto Bbi3biBaeT mx 
BynKaHM3ai4M»o u oca>KAeHwe Ha ynacTKax noKpbm/m. B cxiynae ncnojib30BaHi/ifl 
ynpyroro noKpbm/m, HaHeceHHoro ppymm MeTOAaMH, 3to noKpbrme, 
B3aMMOAeMCTBy^ c (ftopwiyeMbiM MaTepnanow, o6ecneMMBaeT oca>KAeHne Ha ynacTKax 
noKpbm/m AoSaBOK 1/13 cjDopwyeMoro MaTepwana fv\a KOMneHcaq^M M3Hoca noKpb/™*. 

3a3op wie>KAy BepxHew KonbueBOM BdaBKow m BHyjpeHHeii ueHTpanbHoti 
BCTaBKOM BbinonHeH 0,8 mm. BepxHfl* KO/ibuteBaa BCTaBKa BbinojiHeHa c 
BO3Mo>KH0CTbK) nepeMemeHi/m Ana peryxiwpoBKM 3a3opa, Mepe3 OTBepcroe b oahom 
m CTep>KHefi KpenneHwa BHyrpeHHew BCTaBxw OKaTbifi B03Ayx nocTynaeT BHyipb pj\n 
pa3AyBaHM5? Tpy6bi noni/iaTi/meHa t/i nonyMeHna tohkow nneHKi/t. TBepAbie noKpbiTwa 15 
h 16 Bb/nonHeHbi c qenbfo ch w>KeHMfl M3Hoca MyHAunyKa. Hanpi/iMep, noKpbrrwe MO>KeT 
6biTb BbinoriHeHO ranbBaHi/iHecKMM oca^eHweM nnaTUHbi mv\ poAita TaKoe 
noxpbiTwe He TonbKO o6naAaeT BbicoKow TBepAocTbto, ho m KaTani/rn/mecKoii 
aKTMBHOcTbio, Heo6xoAHMoifi ah* BynKaHM3aL4MM 3/iacTOMepoB no peaKum 

rHAPOCMJlMpOBaHM^. 

PacnnaB noni/iSTwneHa, noKa3aHHbi$t Ha 4wr.10 cepbiM UBeTOM, npoAaB/iMBanw 
CHM3y BBepx no KaHany Mepe3 KonbLjeBOM 3a3op A^aMeTpoM 50 mm h cfropMOBanw 
TOHKOCTeHHyto Tpy6y, BbixoAfltnyio m MyHAWTyKa Hapy>Ky. flna noAasw pacnnaBa 
nonnsTwneHa wcnonb30Bann ycTaHOBKy npon3BOACTBa KOMnaHnn Goettfert (cm. 
http://www.goettfert.com/), KOTopaa BKnrawana owe* 3KCTpyAep c A^aMeTpoM bi/iht3 D 
= 30 mm, CKopocTbra BpameHH* ao 100 o6opotob b mmh, MaKCMManbHbiM AaBneHneM 
npeccoBaHH* 1000 Atm. Hcnonb30Bancfl nonn3Ti/ineH HI/I3KOK nnoTHOCTW 
nonn3TMneHa LDPE w ni/iHeiiHbifi nonwsTwneH hm3kom nnoTHocm Ha ocHOBe 
MeTannoqeHOBbix KaTann3aTopoB Exceed 1018 EB npoi/i3BOACTBa KOMnaHwi/i 
ExxonMobil. Hcnonb30BaHHbii7i nonwsTwneH 1018 EB xapaicrepw3yeTca cneAyfomwMW 
napaMeTpaMw: nnoTHocrb - 0,918 t/cm3 , tohk3 nnaBneHwa - 118°C , MHAeKC pacnnaBa 
- 1 r 3a 10 MMHyT, peKOMeHAyeMaa npow3BOAMTeneM teMnepaiypa 3KCTpy3wn - 190 - 
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220°C. ripw TewmepaType pacnnaBa 170°C APo6neHne pacnxiaBa HaSniOAaJiocb npn 
CKopoc™ BpameHUfl LUHeKa 10 o6opotob b mmh i/i CKopocTM 3KCTpy3Mi/i npoAyKTa 
okojio 2 MM/ceK. 

B Kaiviepy nmeK 3KCTpyflepa 3arpy>Kann rpaHynbi nonn3wieHa Hi/i3Kofi 
5 ruioTHocTM (LDPE). B KaMecTBe cunnKOHOBoro anacTOMepa wcnojib30Bancfl 
AByxKOMnoHeHTHbiw cunnKOHOBbiM KOivinayHA Mapw "ELASTOSIL RT 601" 
npon3BOflCTBa KowinaHMH Wacker. CHanana KOMnoHeHT B (cwnaHbi c KaTani/ttaTopoM 
ByriKaHM3aL4Mn) cMeaiann b rpaHynaMM nojwwepHoro wiaTepnana b Kont/mecTBe 1 r 
Ao6aBKM Ha 3 Kr rpaHyn. florid Ao6aBOK KOMnoHeHTa b nonn3TwneH cocTaBi/ma 0,03 

10 Bee. %. llpoBenn 3KCTpy3Hio 1 Kr rpaHyn noni/iaTwneHa c floSaBKaMn. 3aTewi npoBenn 
3KCTpy3MK) 1 Kr nonnsTwneHa 6e3 Ao6aBOK, mto no3Bonnno OMwcTWTb 3KCTpyAep ot 
nojiMwiepa, coAepwamero Ao6aBKn nowinoHeHTa B. 3aTeM KOMnoHeHT A CMeiuarin c 
rpaHyjiawiw nonnaTnneHa b Koni/mecTBe 1 r KOMnoHeHTa A (cunoKcaHbi c 
HeHacbimeHHOM CBfl3bio C=C) Ha 1 Kr rpaHyn, T.e. npi/i Aone Ao6aBOK cunnKOHOBoro 

15 KowinayHAa b nonwsmneH 0,1 Bee. %. 3aperMcrpnpoBaHO, mto nepe3 10 mmh nocne 
noAaMM KOMnoHeHTa A AaBneHMe npeccoBaHw* yMeHbiutinocb Ha 8 %, a ycwni/ie 
BpameHvifl BMHTa 3KCTpyAepa ywieHbiuMJiocb Ha 23%. BbixoAfliAufi npoAyicr He nwien 
uuepoxoBaTOCTM Ha BHeujHefi noBepxHoc™. 3aTeM BMecTO nonwsTwneHa hm3kom 
nnoTHocTn (LDPE) b Kaiviepy niHeK SKCTpyAepa 3arpy3i/inw rpaHynbi MeTannoLieHOBoro 

20 nonnsTwneHa (mLLDPE) MapKM Exceed 1018 EB. BbixoA^iAMM npoAyKT He wwien 
LuepoxoBaTocTH Ha BHewHefi noBepxHoc™. TpyQy pa3AyBann b rmeHKy OKaTbiiw 
B03Ayxowi. flneHKa i/iMena poBHyro noBepxHocTb npn MaKcuiManbHo aoctm>kmmom Ha 
AaHHOM 3KCTpyAepe CKopoc™ 3KCTpy3MM MaTepwana 8,7 MM/ceK mjim 60 t/mmh, T.e. 
npw 3HaMMTeribHO 6onee BbicoKofi ckopoctm 3KCTpy3Mi/i, MeM 6e3 noKpbiTMfl. H3Hoca 

25 noKpbiTM^ b TeweHHe 1 naca 3KCTpy3Mw He o6Hapy>KeHo. 

TaKi/iM o6pa30M, HaHeceHwe ynpyroro noKpbi™* b npoMecce 4>opMOBaHMfl 
pacnnaBa noni/iMepHoro wiaTepi/iana c Ao6aBKaMH, b nacTHOCTM, c nocneAOBaTenbHofi 

AOSaBKOM KOMnOHeHTOB npn 3KCTpy3W/l, n03BOJ15?eT npOH3BOAMTb CKOpOCTHyK) 

3KCTpy3MK) 6e3Aecf>eKTHoro npoAyKTa. 
30 flpuMep 6 

Cnoco6 peann30BbiBajin (£opMOBaHneM nepe3 KoribLieBOM MyHAurryK, 
noKa3aHHbiii cxeMaTHHecKM Ha cfcMr.10, c Mcnonb30BaHneM niHeK 3KCTpyAepa, 
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onucaHHoro b npi/iwiepe 4. B Kaiviepy WHeK 3KCTpyAepa, 3arpy>Kann rpaHynw 
nonwsTviJieHa hw3Kom nrioTHOcrw (LDPE). B KanecTBe ci/inwKOHOBoro snacTowiepa 
ncnonb30Bancfl AByxKOMnoHeHTHbiM cunnKOHOBbifi KOMnayHA wapKH "ELASTOSIL RT 
601" npoM3BOflCTBa KowmaHww Wacker. CHanana KowinoHeHT A (cunoKcaHbi c 
5 HeHacbioieHHOM cBH3bfo C=C) CMewanw c rpaHy/iawiw nonn3*rnneHa b KonwMecTBe 0,5 
r Ha 1 Kr rpaHyn, T.e. npw Aone flo6aBOK cwnwKOHOBoro KownayHfla b nonwsTMneH 0,05 
Bee. %. 

ripoBenw 3KCTpy3uiio 1 Kr rpaHyn nonwsTwneHa c Ao6aBKaMi/i. 3aTewi KOwmoHeHT 
B (cunaHbi c KaTani/i3aTopoM Byni<aHH3aLiMn) CMeuja/in b rpaHynaMM nonwwiepHoro 

10 Marepwaiia b KonnMecTBe) 0,1 r A°6aBKM Ha 1 Kr rpaHyn, T.e. npw Aone Ao6aBOK 
KowinoHeHTa 0,01 Bee. %. DpoBenw 3KCTpy3HK) 1 Kr rpaHyn nonwoTuneHa c Ao6aBKawn 
npw ckopoctm 3KCTpy3MM 10 MM/ceK \ah\a 72 t/mmh. Mt/iHMManbHoe BpeMH npoxo>KAeHi4f? 
3KcrpyAepa npn flaHHOM ckopoctm cocTaBnaeT oKono 2 mhh 20 ceK. Oah3ko b 
SKCTpyAepe ecTb 30Hbi CMewHBaHwa, rAe MaTepnan LiwpKynnpyeT npw AaHHofi 

15 ckopoctm 3KCTpy3MM 10 - *\5 mi/ih. B npeAbiAymewi npuwiepe pf\n ommctkm 
SKCTpyAepa ot nonnwiepHoro wiaiepnana c Ao6aB«aMH npon3BOAnnn 3KCTpy3wo 
nonw3TwneHa 6e3 AO^aBOK. B a^hhom npwwiepe omuctkm He npowsBOAitni/i, no3Towiy 
npuwiepHO nepe3 3 muh nocne noAanw nonn3WieHa c AoSaBKaMM KOMnoHeHTa B 
uiepoxoBaTGCTb noBepxHoc™ BbixoA^iMero npoAytcra pe3KO B03pocna. 3to mo>kho 

20 o6tficHMTb CMewHBaHi/ieM o6omx KOMnoHeHTOB BHyrpn 3KcrrpyAepa n BynKaHW3am/ieii 

pe3MHbl. 

BynKaHM3npoBaHHa^ pe3HHa, coAepwamaacfl b BbixoAameM npoAyicre, He 
npocKanb3biBaeT BAonb noKpbrrnfl Ha noBepxHoc™ MyHAWTyKa w yBeni/mwBaeT 
LuepoxoBaTocTb noBepxHocTM BbixoAflmero npoAyicra. Mepe3 npwviepHO 10 mmh 

25 noBepxHOCTb BbixoA^u4ero npoAyKTa cTana rnaAKoii, hto yKa3biBaeT Ha yMeHbweHi/ie 
coAepwaHvm BynKaHM3i/ipOBaHHOM cwnwKOHOBOW pe3MHbi b BbixoAaujeM npoAyKre. 
3aTeivi npoBenn 3KCTpy3MK) nonnsTuneHa 6e3 AoSaBOK. FIoBepxHocTb BbixoAflmero 
npoAyKTa He wwiena LuepoxoBaTocTb. TaKMM o6pa30M, bmaho, mto OAHOBpewieHHaa 
noAana KOMnoHeHTOB cwnmcoHOBoii pe3MHbi MO>KeT 6biTb ncnonb30BaHa an* 

30 HaHeceHMH noKpbi*™* Ha noBepxHOCTb MyHAurr/Ka, ho bo BpeM* 3KCTpy3Wi/i noni/iwiepa, 
coAep>KaiAero b KanecTBe Ao6aBOK 06a KOMnoHeHTa pe3MHbi, noBepxHOCTb npoAyKTa 
MMeeT noBbioieHHyio ujepoxoaaTOCTb. 
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ripiiMep 7 

Cnoco6 peann30BbiBariM #opMOBaHneM nepe3 KonbLieBOW MyHflunryK, 
noKa3aHHbiw cxe m aTM m e ckm Ha cJdmp.10, c ncnorib30BaHneM LUHeK 3KCTpyAepa, 
onwcaHHoro b npuwiepe 4. B KaMepy ujhgk SKCTpyAepa, 3arpy>Kann rpaHy/ibi 
5 nonw3TnneHa hi/i3kom nnoTHOc™ (LDPE) c flo6aBKaMi/i oflHOKOMnoHeHTHoro 
cwriMKOHOBoro 3/iacTOMepa "N10" npoM3BOflCTBa KOMnaHww Wacker. KowinayHA 6bm 
pa36aB/ieH Kci/ineHOM b cooTHOLueHwn 2 Mac™ pa36aBMTena Ha 1 nacTb KOMnayHfla m 
nepewieujaH c rpaHynawin noJiMOTuneHa. florin floSaBOK cwiHKOHOBoro KOMnayHfla b 
noriM3TMJieH cocTaBuna 0,01 Bee. %. Mepe3 60 mmh 3KCTpy3nn 3aperwcTpnpoBaHo 

10 ywieHbiiieHMe uuepoxoBaToc™ Ha noBepxHOCTw BbixoAflmero npoAyicra n yMeHbuieHwe 
AaBJieHMH npeccoBaHM^ Ha 1,4%. 3aTewi npoBenn 3KCTpy3n»o noni/i3TnneHa 6e3 
Ao6aBOK. 3a 120 mwh 3KCTpy3Hi/i yBeni/meHH* luepoxoBaToc™ win mweHeHwn 
AaBrieHMfi npeccoBaHwa He o6Hapy>KeHO. 3to noKa3biBaeT, hto ecnn nonwMepHbm 
wiaTepnan He coAep>KHT a6pa3HBHbix nacTi/m, to M3HOC ynpyroro noKpbrrtifl nesenm h 

15 fljifl KOMneHcauMM M3Hoca ynpyroro noKpbrrwfl AOCTaTOHHO ncnonb30BaHna Ao6aBOK b 
KOJiMHecTBe 0,001%. 
flPHMep 8 

Cnoco6 peariM30BbiBann c Mcnonb30BaHi/ieM ycTpoficTBa a^^ cfcopMOBaHi/m 
TepMonnacTMMHoro nont/iMepHoro MaTepnana, npeACTaBneHHoro cxewiaTMMHO Ha 
20 cfDnr.9 m BKnjoMatoatero cjDopMyiOLuee ycTpoficTBO b bmas CTaxibHoro MyHAurryKa 

ATIMHOM 22 MM 14 AMaMeTpOM 3 MM. llpOBOAHrW 3KCTpy3l/1K) nOJlHSTWJieHa 6e3 A06aBOK 

c HapacraHMeM ckopoctw npw TeMnepaType 165°C. Arm hwctom CTaribHOM Tpy6KW 
KpMTMMecKa^ CKopocTb noaBneHi/ia AecjDeicroB cocTaBuna 4,2 MM/ceK. 3aTeM MyHAUJTyK 
noKpbiBann cnoeM snacTOMepoB TaioKe, KaK onucaHO b npi/iMepe 1. B KanecTBe 

25 snacroMepoB ncnonb30Bajw TepMonJiacTi/iHHbifi Knew Ha ocHOBe cononwMepoB 
STMneHa \a BUHun aueTaTa. B npeABapwTexibHbix TecTax 6bmo 3aMeseHO, hto npw 
TeMnepaType dpopMOBanm TepMonnacTWHHbiCi Knew MeA^eHHo ByjiKaHW3npyeTC« m 
npnoQpeTaeT ynpyrwe cBowcTBa. Bo3mo>kho, sto npowcxoAUT H3-3a pa3no>KeHMfl 
nonnpHbix rpynn bi/ihi/ixi aqeTaTa npn bucokow TeMnepaType b npucyTCTBMn napoB 

30 BOAbl h KMcnopoAa. 

npoBOAnnw 3KCTpy3MK) nonwsTi/ineHa Ha CKopocTM okoho 9,2 MM/ceK. Hepe3 20 
mmh 3KCTpy3nw uuepoxoBaTocTb Ha noBepXHocTW npoAyKTa MCMe3na. riocjie 30 mmh 
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3KCTpy3MM cKopocTb yBenwMWJiH. UoxBneHwe Aec}}eKTOB MM/ceK Ha6jiKDflann Ha 
CKopocTM 58 MM/ceK. ripn ywieHbiueHUM cKopocTM QjepoxoBarocTb nponaflana. TaKMM 
o6pa30M, noKpbune noBepxHOCTM MyHflLUTyKa nonnMepHbiiw MaTepwanoM, KOTopbiw 
npw noBbiujeHHoii TeMnepaType BynKaHH3npye*rcfl m npno6peTaeT ynpyrwe CBOKCTBa, 
5 no3BonaeT noAaBMTb noaBnenne flecjDeKTOB. 

npeflnaraewioe TexHMMecKoe peweHwe wio>KeT 6biTb scfccfreicrMBHO 
wcnojib30BaHO TaioKe npw 3KCTpy3nw nneHKM u bojiokoh H3 pacTBopoB nonwviepoB, 
6enKOB m BMCK03bi. Cnofi pe3MHbi Ha noBepxHocTM Meraxina He ToxibKo yBenmmaej 
CKopocTb 6e3Ae4)eKTHofi 3KCTpy3nw m yivteHbiuaeT noTepw Ha TpeHne, ho TaioKe 

10 no3Bon^eT yMeHbwi/iTb Koppo3WK) ueranna MyHAurryKa m/im cfti/mbepbi i/i3-3a 
pa3no>KeHMH nonniviepHoro MaTepwana wrm KOHTaicra Meranna c >kmakoct5imh b 
KoarynnpyioLMUx BaHHax. ripeflnaraeMbie TexHi/mecKwe peuieHMfl wioryT 6biTb 
ncnonb30BaHbi npn HHweKqtioHHOM cfDopiviOBaHMM, HanpuMep fl/ifl cHM>KeHMfl p^Bnenm 
npeccoBaHiifl b SKCTpyflepe, ynynweHw/i 3anonHeHna cfropMbi w o6nerMeHM* 

is oTAeneHu^ v\3f\enm or npecc-cfcopMbi. 

He06X0flMM0 OTMeTMTb, MTO M3 ypOBHfl TeXHMKM He CJieflyeT OHeBMflHbIM 

o6pa30M, mto HaHeceHwe ynpyroro noKpbrm* Ha BHytpeHHew noBepxHoc™ wiyHfliUTyKa 
b npoi4ecce 3KCTpy3HM nnacTMKOB yBennnnBaeT CKopocTb 6e3flecjDeKTHOM 3KCTpy3i/in 
pacnnasoB nonnMepos no cpaBHeHwto co cnyMaeivi ncnonb30BaHn* floSaBOK 

20 HeByj1KaH!/13i/1pOBaHHblX CfjTOpupOBaHHblX 3/iaCTOMepOB. TaKMM o6pa30M, 

npeAnaraewioe TexHimecKoe peweHwe oTBe^aeT TpeQoBaHHK) H3o6peTaTenbCKoro 
ypoBH*. 

HpeAnaraeMbie TexHuwecKne peweHMfl o6naAaK)T OMeBMAHbiiwn 
cymecTBeHHbiMW otjimhm^mm ot npoTOTwna. A wwieHHO, b npoLiecce cfcopMOBaHMfl 
25 npon3BOAflT HaneceHne ynpyrwx noKpbnrwii Ha noBepxHocrb MyHAUJTyKa, 
HaxoAflinyiocfl b KOHTaicre c pacnnaBOM nonwiviepHoro MaTepwana. 

npeAnaraeMbiM b HacTO^mewi TexHi/mecKOM peiueHi/M cnoco6 AMHaMMMecKoro 
HaHeceHws ynpyroro noKpbiTna, ycTpowcTBO aji* ero ocymecTB/ieHWH w cociaB 
TepivionnacTMMHoro MaTepnana c BapnaHTaiviM mx peanM3ai4iin He 6binn M3BecTHbi 1/13 
30 naTeHTHow m cnequa/ibHOM nmepaTypbi. 
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B npuwiepax peanvt3aunw npoAewiOHCTpupoBaHO AOCTM^eHne TexHunecKoro 
pe3ynbTaTa - yBeriMMeHvie ckopocth 6e3Ae<t»eKTHOM 3KCTpy3MH nonnsTuxieHa, KaK 
Han6onee Ti/inwHHoro w iumpoko ncnonb3yeMoro nonwviepHoro MaTepnana. 

npuwiepw peanmaum AOKa3biBafOT npoMbiiuneHHyK) npuwieHMMOCTb 
5 3aflBiieHHbix cnoco6a cfcopMOBaHwa TepMormacTWMHoro noriMMepHoro MaTepna/ia, 
ycTpowiCTBa Rna cfcopMOBaHMfl TepMonnacTMMHoro nonnMepHoro MaTepwana m 
cocTaBa TepMonnacTMHHoro nonwviepHoro wiaTepnana c BapnaHTaivin mx peaxiM3ai4MM. 

TaKMM o6pa30M, npeAxiaraewibie TexHMMecKne peweHHfl flBnaioTCfl HOBbiMM, 
oTBOMaiOT Tpe6oB3HHK) n3o6peTaTenbCKoro ypoBHfl, Moryr 6biTb npniweHeHbi b 
io npoMbiiiineHHOCTM, a TaioKe o6ecnem/iBaK)T ynymueHwe KaMecTBa skohommk) 
3Hepran i/i yBenwHeHwe cKopocn/i npoM3BOACTBa, to ecTb oTBenaiOT Bcewi 
Tpe6oBaHi/iflM, npeA^BraeMbiM k M3o6peT6HWK). 
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Oopiwyjia M3o6peTeHM5i 

1. Cnoco6 dpopMOBanm TepMonnacTMMHoro nonwviepHoro wiaTept/iajna, 
BKnwMaiouiuM BbiflaBnwBaHne pacnnaBa TepwonnacTHMHoro nonMMepHoro MaTepwana 
c Ao6aBKaMM 3nacTOMepoB Mepe3 ycTpowcTBO flns cf)opMOBaHMfl TepwionnacTi/iMHoro 

5 nojii/iwiepHoro MaTepnana, n C03AaHne b npoijecce BbiAaBni/iBaHMfl ynpyroro 
noKpbiTw^, no KpawHew iviepe, Ha Mac™ noBepxHOdi/i ycTpoficTBa, Haxo&nuxeihca b 
KOHTaicre c pacnnaBOM. 

2. Cnoco6 no n.1, ornma^mmc^ TeM, mto co3AaHi/ie ynpyroro noKpbnn/m 
ocymecTBn^ioT, no KpaiiHeft Mepe, Ha Mae™ noBepxHoc™ ycTpowcTBa 

10 cf30pMOBaHMfl, npHMblKafOLljeM K BblXOAy N3 yCTpOWCTBa, H C AJ™HOW He MeHbliie 10% 

ot uunpuHbi 3a3opa &r\9\ c|)opMOBaHMH no/iMMepHoro waTepnana. 

3. Cnoco6 no n.1 mjiw n.2, oTnuMaramnMc^ Tewi, mto Rodasm anacTOMepoB 
bhocht b 4)opMyeMbm noni/iwiepHbiw waTepnan b KonwMecTBe ot 0,001 ao 10 Bee. %. 

4. CnocoS no n.3, oTnwMatomi/iiicfl TeM, mto Ao6aBKH anacTOMepa bhocht b 
is npoqecce <£opMOBaHi/t5R oahoto TepMonnacTWMHoro nonnMepHoro MaTepnana c 

Ao6aBKawiw anacTowiepoB ot 0,01 ao 10 Bee. %, a 3aTewi npow3BOA*T cfcopwiOBaHwe 
Apyroro TepwionnacTUMHoro nonwMepHoro MaTepwana c Ao6aBKawm anacTOMepoB ot 
0,001 ao 1 Bee. % uinn 6e3 Ao6aBOK. 

5. Cnoco6 no n*o6oMy M3 nn.1-4, ornmaiommcn Tew, mto co3AaHne ynpyroro 
20 noKpbiTw^ ocymecTBJi?iK)T nyTewi oca>KAeHHfl AoSaBOK anacTowiepoB m pacnnaBa 

cfcopwiyeMoro TepivionnacTMMHoro nonwiwepHoro MaTepnana v\ i/ix BynKaHi/raauwew. 

6. Cnoco6 no nto6oiviy H3 nn.1-4, oTJii/iMarami/mcfl Tewi, mto co3AaHwe ynpyroro 
hoKpbiTna ocymecTBJiflKrr nyTew oea>KAeHi/m A°6aBOK anacTOMepoB M3 pacnnaBa 
cfropwiyeMoro TepMonnacTUMHoro nonwviepHoro wiaTepwana, a b KaMecrse 

25 3JiacTOA/iepoB ncno/ib3yK)T TepivionnacTMMHbie anacTOWiepbi. 

7. Cnoco6 non.6, OTni/iMaioiAi/iMc^ TeM, mto b KaMecTBe TepMonnacTWMHbix 
snacTowiepoB ucnonb3y>OT anacTOMepbi c TewnepaTypoii CTeicnoBaHi/ifl HM>Ke 
TewinepaTypbi cjaopMOBaHiifl TepwionnacTi/iMHoro nonwviepHoro MaTepna/ia, ho Bbiuue 
TeMnepaTypbi nnaBjieHi/ifl TepMonnacTMMHoro MaTepi/iana m c Manofi aAre3t/iefi k 

30 cfcopwiyeMOMy TepwonnacTHMHowiy nonwMepHoivty MaTepwany. 
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8. Cnoco6 no n.5, OTnma\omv\v\cn TeM, mto anacTOMepbi Bbi6wpaK>T m rpynnbi 
anacTowiepoB, cnoco6Hbix k BynKaHi/i3ai4MW no peaiujHflM nonnKOHAeHcaunn wnn 
ruflpocujinpoBaHMH. 

9. Cnoco6 no n.8 t ornmafouxmcn rewi, mto npouecc <t>opwiOBaHM^ 
5 TepwionnacTHMHoro nonnwepHoro Maiepi/iana o cy mecTBJifl k>t c ncnonb30BaHweM 

ycTpowcTBa c noKpbiTMeM, HaHeceHHbiM no KpaMHefi Mepe, Ha Mac™ ero noBepxHoc™, 
HaxoRau\eiAca b KOHTaiae c pacnnaBOM v\ coAepwamefi KaTanw3aTop aha 
cooTBeTCTByjoLMew peaiajMW BynKaHH3ai4i/in anacTOMepoB. 

10. Cnoco6 no n.9, oTni/iMaiomnwcfl TeM, hto noKpbm/ie, coAepwamee 
10 KaTann3aTop aha cooTBeTCTByiomefi peaKqun BynKaHH3ai4nn 3/iacTOMepoB, HaHOCflT b 

npouecce <t>opMOBaHi/ifl TepwionnacTHMHoro nonwMepHoro MaTepnana. 

11. Cnoco6 no n.10, ojnma\o\i\mc^ TeM, hto Ao6aBKH onacTOMepoB w 
KaTanw3aTopa aji* o6ecneMeHn^ mx BynKaHM3ai4MW bhocht pa3AenbHO bo BpewieHM. 

12. Cnoco6 no n.10, ommatommcn TeM, mto Ao6aBKi/i KaTann3aTopa bhocht b 
15 npouecce <£opMOBaHi<iH oahofo TepwionnacTHMHoro nonwMepHoro MaTepnana, a 

3aTewi npon3BOA^T c|)opMOBaHMe Apyoro TepivionnacTMMHoro nonnwiepHoro 
wiaTepnana. 

13. Cnoco6 no n.5, oTni/inaiOLnniic* TeM, mto pacnnaB TepMonnacTMMHoro 
nonnwiepHoro MaTepwana AononHMTenbHo coAepwwT Ao6aB«n ciui/iBaioint/ix areHTOB. 

20 14. Cnoco6 no n.13, OTnuMaramnwcR TeM, mto b KaMecTBe cLUMBaioiAUX areHTOB 

Mcnonb3yioT opraHMMecKMe nepoKCWAbi c TewnepaTypow pa3no>KeHi/m Bbiaie 
TeMnepaTypbi cjDOpMOBaHHfl, ho Hiwe TeMnepaTypbi pa3Jio>KeHHfl TepMonnacTWHHoro 
nontuuepHoro MaTepi/iana. 

15. Cnoco6 no n.14, OTJiUMaiomMMc^ TeM, mto BynKaHi43auMK) anacTOMepoB 
25 ocymecTBn^iOT nyTeM wx HarpeBa ao TeMnepaTypbi pa3Jio>KeHMfl yKa3aHHbix 

nepoKCMAOB, no KpawHew Mepe, b tow nacTH cfcopMyromero ycTpowcTBa, KOTopaa 
npi/iMbiKaeT k ero BbixoAy, HanpuMep, k BbixoAy ^3 MyHAWTy«a uni/i cfwnbepbi. 

16. YcTpoCicTBO ppn cJ)opMOBaHM^ TepMonnacTUHHoro noiiMMepHoro 
MaTepnana, coAepwamee Kopnyc c npi/icnoco6neHHHMH a^a ero KpenneHi/ifl k 

30 aKcrrpyAepy, MOHTa>KHyio lunnribKy, o6ofiMy, yKpenneHHyra Ha HecymeM Kopnyce, 
MyHAWTyK, KonbueByK) nnacTMHy ah* ycTaHOBKM MyHAurryKa, buhtw ah* KpewieHi/ifl 
KonbueBOM nnacTWHbi n o6oMMbi k HecymeMy Kopnycy, OTnwHaiomeecfl TeM, mto Ha 
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BHyTpeHHew noBepxHoc™ MyHflLUTyKa HaHeceHO noKpbiTue, KOTopoe mokst 6biTb 
KaTajiMTMHecKMM noKpbiTneM, mjim noKpbiTneM, coAepwammvi oKCMflbi f\r\n ynymueHHH 
aflre3wn anacTOMepoB k MeTannnMecKOM noBepxHocTM, mv\ ynpyrw noKpbrrneM. 

17. YcTpoMCTBO no n.16, OTJiMHatomeeca xeivi, hto, noKpbrrue, coflepwamee 
5 KaTaxiM3aTop, BbinoriHeHo H3 pe3HHbi, 3/iacTHHHofi npn Tewinepaiype cfiopMOBaHUH 

nonwMepHoro wiaTepi/iajia. 

18. CocTaB TepwionnacTMMHoro nonnwiepHoro wiaTepnana, coAepwami/ifi 
nonMonec{)MHbi h floSaBKw anacTOMepoB, 0Tnma\o\ixmc^ Tewi, hto b KaMecTBe 
anacTOiwepoB wcnoJib3yK)T 6jiok cononnwiepbi wecTKwx nonnwiepoB (A) c 

10 TewinepaTypoM 

cTeicnoBaHi/m Bbiiue KOMHaTHow, ho Hwwe TewinepaTypbi cpopMOBaHi/ifl yKa3aHHbix 
nojiMonecjDWHOB, m mhtoix noni/iwiepoB (B) c TewtnepaTypoM creioioBaHMfl Hnwe 
KOMHaTHoti, npuMeM 6jiok cononi/iiviepbi Bbi6i/ipaK)T co CTpyiorypoM nnHetiHoro 6jiok 
cononiiMepa A(BA) n , rAe n>0, wnt/i (BA) m , rp,e m>1, hjim rpacjrr- cononi/iMepa, KorAa k 
15 M^fKOMy noni/iwiepy npi/iBMTbi, no KpawHeCi Mepe, ppa 6oKOBbix cerwieHTa wecTiwx 
nojiMMepoB, npu cneAytomeivi cooTHOweHi/ii/i KowinoHeHTOB: 

TepivionnacTMMHbie 3JiacroMepbi - 0,001 -10 Bec.% 
TepMonnacTHMHbiii nonnwiepHbiw MaTepnan - ocTajibHoe. 

19. CocTaB TepMonnacTHHHoro nonnwiepHoro wiaTepi/iana no n.18, 
20 OTJinMaK)ii|i/iiica Tew, mto b KanecTBe >KecTKi/ix noni/iiuepoB npei/iMymecTBeHHO 

ncnonb3yiOT nonwMepbi 1/13 cneAyromefi rpynnbi: nonn3<t)iipcyjib({DOH, 
nojiMBMHwnnMpponwAOH, nonnMeTMnMeTaKpunaT, nonncTMpon, wecTKum nonw/iMi/iA, 
nojii/iypeTaH, a b KanecTBe wmraix no/iwviepoB npewMymecTBeHHO Mcnonb3yioT 
nonnwepbi m cneAyrometf rpynnbi: nojiMAMMeTw/icwriOKcaH, 

25 nonwMeTMnc^eHMncunoKcaH, noJiMTeTpac^TopsTuneH, (JrropwpoBaHHbifi nonwsmneH 
mjim M^rKi/ie cononi/iMepbi cfrropwpoBaHHbix nonnonecjDMHOB c cooTHOweHweM aTOMOB 
cfcrropa k aTOMawi ymepoAa He wieHee 1 :2. 
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